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Abstract 
This thesis investigates the implementation of the science curriculum in Malaysian primary 
schools. The study is concerned primarily with teachers' pedagogical content knowledge as a 
crucial determinant of teaching performance in implementing the new curriculum. 
'Me research involved the administration of a questionnaire to seven states in Malaysia to 
seek information regarding the implementation of the primary science curriculum. The main 
body of research data consists of case studies of 14 teachers. Teachers' pedagogical content 
knowledge and its influences on the implementation of the primary science curriculum were 
analysed on the basis of interviews and classroom observations. 
The lack of science pedagogical content knowledge is indeed a problem for teachers in 
implementing the curricul um. 'Mat knowledge is limited and constrained by other 
contributing factors - science instructional needs, especially the constructivist view of 
science teaching; knowledge of the ways in which children learn science; and the lack of 
resources and support. Teachers' belief in the subject and its teaching also effect the 
implementation. In the light of these constraints, it would be more appropriate to identify the 
necessary science pedagogical content knowledge, within the primaTy science curriculum, 
that teachers need to acquire in order to implement the curriculum as the developers 
intended. 
The key question, in the Malaysian primary school context, is how science pedagogical 
content knowledge is to be generated and disseminated. In-service teacher education is 
essential if there is to be an impact in the shorter term. Another question is the kind of initial 
training that will be firuitful and effective and worth investing in. Conceptual understanding 
and science pedagogical knowledge and skills are two promising areas of teachers' 
understanding of the curriculum that could be developed when planning in-service provision 
for Malaysian primary science education. An explicit examination to teachers' beliefs ab6ut 
science and the teaching and learning of science is also required in pre-service and in-service 
courses. 
ii 
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Chapter 1 INTRODUCTION: EDUCATION IN MALAYSIA 
1.1 Historical Perspective 
Malaysia is a multi-racial nation. About 55% of the population are Malay, 37% 
Chinese and 8% Indian. In order to maintain peace and harmony between the 
peoples, constant efforts have to be made by the central government to foster 
national consciousness among the various ethnic groups. Education plays a major 
role in this process. Hence, one of the objectives of education in Malaysia is to 
achieve national unity. Many dialects are spoken in Malaysia, but Bahasa Malaysia 
is the national language and the language of instruction in all public schools. 
Common curriculum content is also used in all the schools throughout Malaysia. It is 
hoped that by sharing common experiences greater cohesion among the diverse races 
will result. 
Before Malaysia achieved independence in 1957, there were four different types of 
school with four languages of instruction: Malay, Chinese, Tamil and English. Each 
type of school had its own curriculum, which reflected the traditions from the pupils' 
country of origin. Hence, there existed separate and uncoordinated systems within 
education. When the nation achieved its independence, the leaders of the 
independence movement realised that steps had to be taken to integrate the multi- 
ethnic groups in order to achieve a common nationality. Hence, education played a 
vital role in effecting this change. 
The Report of the Education Committee, also known as the Razak Report (1956), 
and the Report of the Education Review Committee (Rahman Talib Report 1960) 
formed the basis of national education policies and the Education Act of 1961. The 
emphasis and recommendations of the committee brought about significant changes 
in the system of education over the next 20 years. The use of Bahasa Malaysia as the 
national language and as a medium of instruction, a common content curriculum 
syllabus, a common system of national assessment, and the provision of religious 
and moral instruction have been implemented and a single national system of 
education established. 
The Razak Report (1956) stated that the committee's terms of reference in 
formulating recommendations for education policy in Malaysia were to: 
I ....... establish a national system of education acceptable to the people of the Federation as 
a whole which will satisfy their needs andpromote their cultural, social, economic and 
political development as a nation, having regard to the intention to make Malay the national 
language of the country whilst preserving Wid sustaining the growth of the language and 
culture of other communities living in the country. ' (Razak Report 1956, Para 1a) 
This statement clearly implies that, even though the recommendations empbasised 
the use of the national language, the languages of other ethnic groups would still be 
maintained in order to avoid racial tension. 
The recommendations were implemented in 1957, when the National Language was 
made a compulsory subject at all levels in all assisted primary and secondary schools 
(Ministry of Education 1971, p. 37) and a gradual implementation of the National 
Language at other levels of the educational system began. Marsh and Morris (199 1) 
support the decision to have one national language: 
.............. in mulfiethnic societies such as Singapore and Malaysia, Ihe language of 
instruction can be used as the vital toolfor inculcating a cohesive national identity widfor 
facilitating a cohesive national identity andforfacifilating communication between ethnic 
groups'. (p. 267) 
Though there were obstacles and problems in implementing the National Language 
in multi-racial Malaysia, it did achieve its objective. The younger generation that 
went through this educational system can now communicate in one language, 
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thereby ensuring that there is no barrier to effective interaction. This has greatly 
reduced the misunderstandings that can cause disharmony among ethnic groups. In 
general, the recommendation to promote unity through a common language has 
succeeded. However, despite all the developments that have taken place since 1957, 
an ethnic riot erupted in 1969 due to dissatisfaction among some ethnic groups with 
the ruling political party. Following this, a new economic policy was implemented, 
with education becoming one of the tools for not only achieving national unity but 
also for restructuring Malaysian society (Harris 1993). For example, the Third 
Malaysian Development Plan (TMP) of 1976 (cited in Adam and Chan, 1981) stated 
that the overall mandate for education's role was to realise the objectives of the New 
Economic Policy i. e. national integration and unity. 
The TMP document outlines briefly the education goals for the ne; ýt five years (ibid. ) 
1333.. The education and training objectives tinder 7MP will he to: - 
(i) strengthen the educational system for promoting national integration and unity through: 
(a) the continued implementation, in stages. of Bahasa Malaysia as the main medium of 
instruction at all levels; 
(b) the development ofpersonality, character wid good citizenship and the promotion of 
moral discipline through curriculum and extra-airriculum activities, 
(c) narrowing the gap in educational opportunities between the rich and poor and among the 
various regions mid races in the country, through a more equitable distribution of resources 
andfacilities, 
(d) the eventual integration of the educational system in Sabah and Serawak into the 
national system. 
(Cited in Adams and Chan 198 1, p. 14 1) 
Therefore, the importance given to National Language as a fundamental requirement 
for promoting national unity continues to be recognised. 
Another of the recommendations made for achieving unity concerned the common 
curriculum. The Razak Report (1956) recommended that: 
'one of thefundamental requirements of educational policy in the Federation of Malaya is to 
orientate all schools, primary mid secondwy, to a Malayan outlook. We consider that the 
way to do this is to ensure a common content in the syllabuses of all schools'. (Razak Report 
195 6, Para 115) 
The role of education in promoting unity in Malaysia was thus established through 
these two main recommendations. However, Harris (1993) argued that 
'The education system that emerged upon independence was a reflection of the accommodating 
and compromising spirit among the various ethnic groups of the country. Aus when the country 
achieved its independence in 1957, the plural school system which had been in existence since 
colonial times was retained Infact the education system of the counny reflects the plural nature 
of Malaysian society. ' (p. 2) 
If the aim of educational policy was to promote unity, then why, we must ask, do 
separate Chinese and Tamil schools still exist today? Is Malaysia still failing to 
promote unity through education? It might be argued that if Malaysia is really united, 
then we do not need the plural school system today, 42 years after independence. 
What is clear is that after the first two decades of independence, the school system 
was just a tool to inculcate a shared Malaysian identity through a common language 
of instruction and common content syllabus. 
However, it is worth reiterating that the common school curriculum has helped to 
achieve integration among the younger generation. For example, students discuss 
among themselves the same historical background of the nation. In fact, they discuss 
their homework or schoolwork together even though they are from different schools. 
Where did science education feature in these developments? According to the TMP, 
'(ii) the orientation and expansion of the'educational and training system towards meeting 
national manpower needs, especially in science and technology. ' 
(Cited in Adams and Chan 198 1, p. 14 1) 
This implies that the role of science education is vital in encouraging students to 
develop an interest in science and technology, thereby helping to ensure that the 
nation has sufficient manpower in these fields. As Adam and Chan (198 1) observe: 
............. economic development depends on the level and type of education provided. 
Devices are needed if the schools of thefuture are to create in abundance techniciansý 
technologists, andprofessionals, scholars and achninistrators whose combined efforts will 
coalesce to precipitate economic wid socialprogress. By implication, much of the 
production will hinge on the nature, scope and content ofschool curricula. '(p. 148) 
It is thus ironic that science education was not emphasised in the primary curriculum 
reform of 1983. The Report of the Cabinet Committee (1979) showed that in 1975 
there was a shortage in the professional and semi-professional categories (when 
compared with 1985), especially in the areas of engineering, medicine and law. Even 
though the manpower data showed a shortage of professionals in science, the 
recommendations of the Cabinet Committee did not place any emphasis on science 
at the primary level. Instead science was taught to primary children as a small 
element within a combination of a number of subjects. There is clearly a strong case 
for arguing that, science education should have been made a major priority at the 
earliest possible level, i. e. in primary schools. Given the chance, the young 
generation at that time might have developed an interest in, and positive attitudes 
and aptitudes towards, science and technology. There might not have been any 
shortage of science manpower during the 1980s if the science curriculum had been 
given greater emphasis as a core subject from the early years of school onward. 
Watson (1982) observes: 
'the Malaysian government was hoping to keep pace with the advanced nations of the world by 
pursuing science and mathematics reforms. 7he modified version of the Scottish Integrated 
Science Program and the Nuffield Science Projects have been introduced into Malaysian 
Secondary schools in the late 60's and early 70's .......... 7he schemes were introduced quickly 
............................. but due to external inj7uences and constraints of these curricular development 
there has been too little real attempt to re-orientates science leaching along lines more suitable to 
the needs ofniralpeople. ' (p. 105) 
This implies that however important the role of science education in a developing 
country, especially when the country is striving towards stable economic 
development, curriculum development, particularly in science education, must be 
undertaken correctly. A curriculum adopted from the United Kingdom, as Watson 
(1982) observes, might not succeed in Malaysia, since it might not be suitable for 
pupils from different cultural background to that of the UK. If the science 
curriculum fails, this reflects on the curriculum developer, the teacher educator and 
teachers in school. When this happens, it is not surprising that there is a shortage of 
manpower in the scientific professions, and that the dropout rate from science 
increases. 
Also when science education is emphasised in secondary schools without the pupils 
having studied any basic science in their primary schools, this might also cause a 
failure of science reform. When pupils are exposed and introduced to science as 
earlY as possible, this enhances their motivation and interest in science, and more of 
them will pursue science at a higher level and in their future careers. 
1.2 Curriculum Innovation in Malaysia 
A major review of the national education policy was begun in 1974 and the Report 
of the Cabinet Committee was published in 1979. According to the latter report: 
'The curriculum at the primwy level is in theform ofgeneral education and not basic 
education. General education is education in which the curriculum emphasises academic 
matters. Basic education is education in which the curriculum emphasises the acquisition of 
skills that can help children tofunction more effectively after completing education at the 
primmylevel. '(p. 11) 
It is interesting to compare this statement with the UK White Paper Better Schools 
(cited in Emerson and Goddard, 1989), which suggested that the primary curriculum 
should: 
" place substantial emphasis on achieving competence in the use of language 
" place substantial emphasis on achieving competence in mathematics 
" introduce pupils to science 
" lay the foundation of understanding in religious education, history and geography, and the nature 
and values of British society 
" introduce the pupils to a range of activities in the arts 
" provide opportunities throughout the curriculum for craft and practical work leading up to some 
experience of design and technology and solving problems 
provide moral education, physical education and health education 
introduce pupils to the nature and use in school and in society of new technology 
give pupils some insights into the adult world, including how people earn their living 
The White Papers (ibid. ) recommendations for the primary curriculum emphasise the 
acquisition of more than a basic education in the 3 Rs (reading, writing and 
arithmetic), which are recommended by the Cabinet Committee for Malaysian 
primary education. Since Malaysia was a new developing nation seeking to ensure 
that the new generation was not illiterate, great emphasis was placed on the key 
skills, whereas the developed nations were at that time already entering the 
technological age. The statement made by the Cabinet Committee also meant that, if 
pupils possessed the basic skills, then they would be ready and able to further their 
education more effectively. The teacher's guidebook on the New Primary School 
Curriculum (Kurikulum Baru Sekolah Rendah, KBSR) (Ministry of Education 1983) 
stated that basic skills were to be taught in the first three years of primary school. 
The New Primary Curriculum (KBSR) is divided into two phases. Phase I is for the 
first three years of primary education (Years 1-3, ages 7-9) and Phase 11 is for the )ast 
three years of primary education (Years 4-6, ages 10- 12). The guide book states that 
Pbase I sbould emphasise reading so that the pupils will be able to listen, speak, and 
identify and form letters and words, and apply these skills in writing. In the process 
of acquiring these skills, knowledge and concepts relating to Man and Environment 
are used as the context to aid the teaching of language. In the arithmetic skills, pupils 
are given basic skills such as counting, identification of numbers, and the use of the 
four basic mathematical operations: addition, subtraction, multiplication and 
division. 
7 
However, even though the basic skills, such as the 3 Rs, are important for primary 
pupils, these children should not be deprived of other knowledge. As we all know, 
children are exposed to the media, (including television, radio, computers and other 
modem devices), which have a major effect on their everyday experiences. The 
media give a lot of opportunities and exposure for children to learn science as 
everyday experiences. For example the programmes on television such as 'National 
Geographic', 'Animal Planet' and the like are able to educate children more in 
science. Therefore, children at the early phase of primary education should also be 
taught other subjects such as science, as recommended by the UK White Paper 
(ibid. ). 
Following the Cabinet Committee Report (1979), the whole primary curriculum was 
revamped. A number of reasons were cited for this change. The Committee found 
that among other things, "The content oftheprimary school curriculum is over- 
loadedforpupils rangingfrom six to twelveyears old. Somepupils are notable to 
follow it, resulting in their mastery ofonly afew skills " (para 193). The Committee 
also found that . ......... The curriculum 
has beenform ulated separately according to 
subject and there is little integration between the sub/ects in the curriculum. " (para 
194). Based on these and other related findings, the Cabinet Committee 
recommended that: 
'(q) The Ministry of Education undertakes appropriate measures so that at the primary level 
there is a basic education with emphasis given to education in the 3R's, that is reading, 
writing and arithmetic, 
(b) Ae curriculumfor a basic education should also be consideredftom the viewpoint of the 
types of skills required rather than on the importance of each individual subject. These skills 
should he acquired through relevant areas of education concerned without reducing the 
present learning lime. ' (Cabinet Report 1979, Recommendation 2a) 
S 
Based on these findings and recommendations, the Ministry of Education announced 
that a new curriculum would be developed in accord with the Cabinet Committee 
Report. Despite the shortage for professionals in the science field, recommendation 
2a (b) attached importance to skills and not to individual subjects; thus science was 
just a small element in an integrated subject called Man and Environment (MAE). 
There are five themes to be taught in MAE. Science elements have to be included in 
all the five themes. For example; living things and characteristics of living things are 
taugbt under life processes for man, animals and plants tbeme. 
l. Zl The new primary school curriculum (KBSR) 
The New Primary School Curriculum (Kurikulum Baru Sekolah Rendah, KBSR) 
was implemented nation-wide in 1983 and completed a full cycle in 1988 when the 
1983 pupil cohort entered the sixth year of primary schooling. KBSR was 
implemented for the year I students who were six years old and not be more than 7 
years old on I January of the school session of the year. This cohort was followed 
througb until they were in Year 6 at 12 years of age. In 1989, the New Integrated 
Secondary School Curriculum (Kurikulum Baru Sekolah Menengah, KBSM) was 
ready for implementation at first-year (Form One) level. 
KBSR stressed the importance of the overall development of the individual through 
the building of basic skills together with the promotion of co-operation and tolerance 
in accordance with the Malaysian educational philosophy. To achieve this, the 
KBSR progTaM Tecommended that the teaching and learning StTategies include: 
teaching with an integrated approach; 
using a variety of teaching methods with group teaching for same ability or mixed ability groups, 
class teaching and individual instruction; 
teachers are to provide a variety of learning experiences; 
teachers have 'flexibility' in the choice of content and in the use of teaching methods and aids; 
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continuous evaluation is incorporated into the teaching and learning process; 
teachers are encouraged to provide an 'informal' classroom atmosphere with space to allow varied 
activities 
(Noor Azrni 199 1) 
The design of the KBSR curriculum covers three domains: Communication, Man 
and Environment, and Individual Development. The total time allocated for 
instruction is 1320 minutes per week for Phase I and 1,440 minutes per week for 
Phase 11 plus breaks of 150 minutes. In Phase 1, Language and Mathematics take 
77.2% of available time per week, Music, Art Education and Physical Education 
take 11.4 % and Islamic Religious Education and Moral Education take 11.4% of 
time per week. In Phase 11, Language and Mathematics take 64.6% of available time 
per week, Music, Art Education and Physical Education take 10.4% and Islamic 
Religious Education and Moral Education take 10.4%. Man and Enviromnent takes 
14.6% of the available time per week. The time allocation is greater for Phase 11 
because of the extended knowledge that pupils must acquire. The design of the 
primary school curriculum is summarised in Table 1.0 below. 
Domain Component S2jbect 
Phase I Phase II 
Language Medium of instruction Medium of instruction 
National Language National language 
Communication English English 
Mathematics Mathematics Mathematics 
Values, "Islan-dc Knowledge "Islamic Knowledge 
Man and Attitudes and "Moral Education "Moral Education 
Environment Spirituality 
Humanities Man and Environment 
and 
Environment 
Individual Arts and Music Music 
Self Recreation Art Education Art Education 
Development 
- 
Physical Education Physical Education 
Table 1.0 The New Primary School Curriculum (KBSR) 
** When Muslim pupils and others who choose to study Islamic Religious Education are studying the subject, 
pupils of other religions will be required to study Moral Education. (Ministry of Education 1982). 
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As shown in Table 1.0, the communication domain is where KBSR emphasises the 
teaching of the three basics skills. It includes the component consisting of a single 
subject, Mathematics, and the Language Component, consisting of the National 
Language and English, which are taught in all National schools, and Chinese and 
Tamil, which are taught in the National-t)W schools. In the National Schools the 
medium of instruction is the Malay Language. In the National-Type Schools it is 
either Chinese or Tamil. In both types of school, the Malay Language is a 
compulsory subject. English is taught as a second language in all schools. 
The second domain, Man and Environment, consists of two components: Values, 
Attitudes and Spirituality, which includes the Moral Education taught to non- 
Muslims while Muslim pupils are taught Islamic Religious Education. Islamic 
Religious Education emphasises guidance and training in the reading of the Quran 
and in the foundations of Islamic Religious Education, which includes Islamic 
Aquidah (i. e. faith and beliel). Faith is the knowledge and belief (the Arabic word 
Iman) in the Unity of God, the prophethood of Muhammad (Peace be upon Him), 
belief in the day of Judgernentý and life hereafter, and in the acceptance of the five- 
time prayers everyday and fasting in the month of Ramadhan. It is also means 
putting beliefs into practice by fulfilling one's obligations to both God and man. The 
pupils are taught this knowledge of Iman so that this faith will invariably lead them 
to a life of obedience and submission to the Will of God as good Muslims. 
Moral Education aims to develop pupils of good character who can make 
responsible decisions based on the moral values of the individual, family, 
community and society. It seeks to enable pupils to practice habits and behaviour 
that are consistent with particular moral values and attitudes, and to make pupils 
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aware of the values existing in the society around them. In addition, Moral 
Education aims to equip pupils with moral values as the foundation for the 
development of mental maturity so that they can weigh matters based on moral 
principle before putting behaviour into practice. Lastly, Moral Education seeks to 
enable pupils to put forward rational reasons for making decisions pertaining to 
moral issues. 
It is important for this domain to be taught in the primary curriculum in order ensure 
that the future generation possesses a strong faith in Islam and has good Moral 
values so that the nation will preserve the harmonious atmosphere in the country, 
thereby minimising social problems among the young. If good moral values, whether 
the Islamic or other, are instilled in the young generation, this will help them to 
judge whether their own behaviour is acceptable to the community and to understand 
the effect of their own behaviour on themselves. One issues is whether this domain 
does produce a good young generation with acceptable moral values in the 
community even though many young people are involved in drugs, drinking or 
illegal sexual activities. However, in Malaysia the Social and Welfare Department 
give these social problems a close attention. Therefore, this domain has contributed 
to the young generation's ability to weigh their decisions before indulging in 
immoral activities. The inclusion of this domain in the curriculum has helped the 
Social and Welfare Department reduce the social problems among the young. If 
teachers give this domain more emphasis, it might also help to maintain the 
prosperity, harmony and stability of the nation. Even though the Malays are taught 
Islamic values and the non-Malays are taught Moral education, the important thing is 
to actively propagate good values and expose the realities of life to children at an 
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earlier age. It is their values and culture rather than their ethnicity which influence 
the success or otherwise of any community (Mahathir 1993). 
The Humanities and Environment domain consists of a single subject called Man 
and Environment. This subject is only taught at Phase 11 and is one of the important 
components of the KBSR curriculum. It integrates elements of science, history, 
geography, health education and civics and other areas of knowledge about Man and 
Environment. This subject, which is also known as the Knowledge Component, is 
taught from the beginning of Year 4 for pupils aged from ten years old. 
The third domain consists of the Art and Recreation component, which is concerned 
with the development of the talents and interests of the pupils as well as with 
reinforcing basic skills. Authentic values and exercises are nurtured through three 
specific subjects in this domain: music, art education and physical education. 
The curriculum design in KBSR, as mentioned earlier, extends over two phases. 
Phase I, covers Years I to 3, emphasising mainly the mastery of the three basic 
skills, i. e. the 3 Rs. Phase 11 covers Years 4 to 6, in which the curriculum is extended 
to include the knowledge component. The cufficulurn design of KBSR attempts to 
achieve the all-round development of an individual, including well-balanced child 
development. Hence teachers should give more attention to the development of well- 
adjusted children instead of concentrating only on their cognitive development. In 
order to achieve this development, the philosophy of KBSR primary school 
education emphasises that pupils should acquire skills and knowledge through direct 
experience. This experience encompasses the intellectual, spiritual and physical 
aspects, i. e. pupils' cognitive development, affective development, and physical 
development and growth and body movements. This experience must be appropriate 
13 
and relevant to the aims of education. This can be achieved through the pupils' 
active involvement in learning activities. This relates to the teaching and leaming 
processes that are appropriate to the particular pupils and the aims to be achieved. 
Every pupil is unique, with different experiences, behaviour, aptitude and ability. To 
achieve well-balance development, these individual differences are reflected in the 
teacher's teaching plan. Based on these considerations, KBSR empbasises the 
follovAng factors: 
remedial 
enrichment 
continuous classroom evaluation 
integrated 
absorption 
(Malaysian Education Ministry 1983) 
In KBSR remedial teaching refers to the special teaching and learning processes for 
pupils with problems and difficulties with skills in reading, writing and calculating. 
If a pupil is identified as failing to follow a standard programme provided by the 
teacher, he/she will be given an alternative activity in order to achieve the skill 
required. However, the pupil will also be given the opportunity to follow the 
enrichment activities based on his/her abilit ies and capabilities. 
The enrichment activities are the additional activities that consist of elements to 
widen the pupils' knowledge and experience and to strengthen the skills acquired. 
Through these enrichment activities, pupils will have the additional opportunity to 
enhance their interests, creativity, leadership, etc. It is hoped that pupils will be 
taught to have confidence in themselves, and will be involved in making decisions 
for themselves, their group and community in the future. 
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Continuous classroom evaluation is the main basic element in the KBSR. It is the 
aspiration of the program to ensure the overall development of the individuals 
reaches the maximum level that can possibly be achieved and this depends on their 
abilities and interest. The evaluation system in KBSR takes account not only pupils' 
achievement, but also the development of their talents and relationships with other 
pupils and their peers. The evaluation system planned for KBSR has the following 
characteristics: 
" it is not centralised at the national level 
" it is aimed at helping pupils in their learning and remedial activity 
" it uses two types of assessment: formal and informal 
" it has a multi-format structures 
" it is carried out continuously so that pupils' weaknesses do not accumulate 
it is developed, administered and assessed by teachers themselves 
(Malaysian Ministry of Education 1983) 
The KBSR also places an emphasis on integration. As KBSR prioritises basic skills, 
it encourages teachers to integrate several skills into one lesson. Through the 
integration process, a number of skills can be achieved simultaneously and the 
integration strategy will help to strengthen the skills. Skills can be integrated in two 
ways: 
1. integration of skills can be carried out in one subject. For example in Language, there are four 
main skills: listening, oral, reading and writing: Two or more skills can be integrated in one 
teaching and learning session. 
2. Integration can also occur between one subject and another or several other subjects. For example, 
language skills can be integrated with artistic, music, or physical education skills. 
(Malaysian Ministry of Education 1983) 
Even though in Phase I the achievement in basic skills is of the utmost importance in 
KBSF, this does not mean that pupils are not exposed to knowledge. Knowledge of 
Man and Environment is also absorbed in Language and in other subjects so that 
these lessons also contribute to pupils' understanding. On the other hand, knowledge 
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of Man and Environment is introduced to the pupils indirectly before it is taught as a 
subject in Phase 11. For example, the oral skill in Language can focus on trees in the 
environment, and, using a question and answer technique, the teacher can introduce 
pupils to an understanding of plants, which will be taught later in Man and 
Envirorunent. 
Pupils in the primary school are given the opportunity to express feelings and ideas 
through speech, art, music, dance and movement and acting. Adequate opportunities 
must be provided to nurture the creativity of the pupils. For example, teachers can 
provide pupils with activities such as carrying out a project. As an example, a 
teacher might initiate a project about "Birds". Students are encouraged to integrate a 
lot of material in the project. For example, they may illustrate it with photos or 
drawings, develop a model, collect information from books, newspapers or 
magazines, and write about the project topic. In this way, pupils' creativity in 
developing the project can be encouraged and enhanced. 
The school should also provide pupils with the opportunity to acquire real-life 
experiences; such as facing problems, exchanging opinions and developing 
understanding and co-operation. Therefore, the KBSR gives guidance to teachers on 
how to organise their classroom to provide the right conditions for KBSR teaching. 
There are two guidelines: 
on the arrangement of furniture in the classroom for group work 
on utilisation of learning space 
To provide the opportunities for the exchange of opinions and for co-operation, 
teachers are encouraged to do group work and to facilitate discussion amongst the 
pupils. The desks are clustered and the number of pupils per group is ideally about 6. 
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This will encourage pupils to interact with each other. When the desks and chairs 
are arranged in clusters, there is room for the teachers to allocate, in the classroom, 
some 'learning space'. This space can be allocated as a reading area, where a 
number of activities can be carried out, such as reading, discussion, acting, etc. 
Other learning spaces might be allocated to display teaching and learning materials 
and also the equipment children might use in their learning. The aims of having 
leaming spaces are: 
" to provide an attractive working environment (Children are also encouraged to bring a variety of 
materials to school) 
" to enable pupils to move around and interact with the materials 
" to enable pupils to carry out small group or individual activities in a more comfortable space 
" to give the pupils easy access to learning materials 
(Malaysian Ministry of Education 1983) 
Such a classroom atmosphere should elicit and encourage pupils to think, ask 
questions and exchange ideas, thus promoting their overall development (Ministry of 
Education 1983). 
in summary primary education in Malaysia pays close attention to the overall 
development of the pupils rather than emphasising any particular aspect. This is to 
be achieved through the approach discussed above. It is hoped that every pupil will 
experience a balanced development in intellectual, spiritual, emotional, social and 
aesthetic values, and physical aspects, with an emphasis on reading, writing and 
calculating skills. This aspiration is similar to that of the National Curriculum in 
England and Wales, as stated in The Curriculumftom 5 to 16. - Curriculum Matters 2 
(DES 1985): 
'A school's curriculum consists of all those activities designed or encouraged within its 
organisationalframework to promote the intellectual, personal, social andphysical 
development of i1spipils'. (DES 1985, para 11, p. 7) 
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The curriculum should aim to be broad by bringing all pupils into contact with an 
agreed range of areas of learning and experience. It should also be balanced in that it 
allows the adequate development of each area: 
'In addition, each major component should have bread1h, balance and relevance and should 
incorporate a progression in the acquisition of knowledge and understanding. Yhe various 
curricular areas should reinforce and complement one another so that the knowledge, 
concepts, skills and attitudes developed in one area may be put to use andprovide insight in 
another, thus increasing the pupils'wxIerstwiding, competence and confidence'. 
(DES 1989a, para12, p. 7) 
The curriculum should provide 'reasonable time' for the core subjects and 
foundation subjects plus religious education and other subjects not covered by the 
National Curriculum (Campbell and Neil 1994). 
Both the Malaysian KBSR curriculum and the National Curriculum in England and 
Wales are similar in their intention of producing well-developed pupils, but each 
curriculum has its own approach. The National Curriculum in England and Walcs 
emphasises that the curriculum should be balanced and broadly based. On the other 
hand the Malaysian KBSR curriculum emphasises all-round and well-balanced child 
development. However, both curricula aim to promote the intellectual, spiritual and 
physical development of the pupils. The difference between these curricula is that 
the Malaysian KBSR emphasises the basic skills knowledge of the 3 Rs in the early 
phase of the primary school, whereas Key Stage One in the National Curriculum 
(Ages 5-7) includes the study of English, Mathematics, Science, Technology and 
Humanities and Arts. Both curricula have similar targets for the pupils, but they are 
different in their approach and content. 
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LZ2 The new integrated secondary school curriculum 
KBSM, the New Integrated Secondary School Curriculum, was designed in such a 
way that students would not be forced into a heavily biased Arts or Science stream at 
the Upper Secondary Level. Students are required to take elective courses from both 
Humanities and a Science strand (Table 1.2). This is to ensure that the students 
experience a balance between the two domains. The secondary school curriculum is 
divided into two levels: the lower secondary level, consisting of Forms I to 3 (ages 
13-15) and the upper secondary level, consisting of Fon-ns 4 to 5 (ages 16-17 years). 
The students take a common national examination at the end of the lower secondary 
, level known as Lower Secondary Assessment (Penilaian Menengah Rendah, PMR) 
and another at the end of Form 5 known as the Malaysian Examination Certificate 
(Sijil Peperiksaan Malaysia, SPM). As shown in Table 1.1, the lower secondary 
school subjects are categorised as core and additional subjects. The tables below are 
a summary of the curriculum designed for the KBSM. 
Core Subjects Additional Subjects 
" Bahasa Malaysia Chinese Language 
" English Language Tamil Language 
" Mathematics 
Islamic Religious Studies When Muslim pupils and others who choose to study 
Moral Education Islamic Religious Education are studying the subject. 
" Science pupils of other religions will be required to study Moral 
" History Education. 
" Geography 
" Living Skills 
0 Physical and Health Education 
Table 1.1 The Integrated Secondary Curriculum (KBSM) for lower secondary 
At the end of Form 3 all students sit for a common public lower secondary school 
examination, the Lower Secondary Assessment (PMR). This examination will be 
based on the three years education of the Lower Secondary Level, for all subjects. 
The results will determine the elective subjects the students are able to select in 
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Form 4 (Table 1.2). They will still have to take the core subjects, except for 
geography and living skills, which are only for the lower secondary school level. 
Core Subjects Additional Subjects 
" Bahasa Malaysia 0 Chinese Language 
" English Language 0 Tamil Language 
" Mathematics - 
Islamic Religious Studies ** When Muslim pupils and others who choose to study 
Moral Education Islamic Religious Education are studying the subiectý 
Science pupils of other religions will be required to study Moral 
History Education. 
Physical and Health Education I 
Electives 
Group l(Hurnanities) Group 11 (Vocational and Technology) Group III (Science) 
" Malay Literature 0 Principles of accounts 0 Additional 
" Literature in 0 Basic Economic science 
English 0 Commerce a Physics 
" Islamic Thought 0 Agricultural Science 0 Chemistry 
" Geography a Home Science 0 Biology 
" Art Education 0 Additional Mathematics 
" Music 0 Work-shop Practice 
" Other Languages 0 Engineering 
Surveying 
Building Construction 
Geometrical and Mechanical Drawing 
Practical in Electrical Technology 
Computer Science 
Table 1.2 The Integrated Secondary Curriculum (KBSM) for upper secondary 
(cited in Syarifah Maimunah and Lewin, 199 1) 
1.3 The Evaluation of the KBSR Programme 
A national seminar on the evaluation of the implementation of the KBSR programme 
was conducted in May 1990. Papers were presented from the academic professional 
bodies based on studies they had carried out. The subjects of the papers varied from 
a study of the headteachers' strengths and weaknesses on the implementation of the 
KBSR programme to the analysis of the programme from pupils' and teachers' 
perspectives. Most of the papers concluded that KBSR programmes need to be re- 
evaluated and steps need to be taken to resolve the problems. 
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In 1993, the Central Curriculum Committee (CCC) held a meeting on the re- 
evaluation of the implementation of the KBSR programme. There were a number of 
issues raised which were categorised as 'general' and "specific'. CCC gathered 
opinions from the Headteachers Council, the Teachers' Union, Professional Bodies, 
and Parent-Teachers Associations on the issues raised in the KBSR programme. 
Among the suggestions made was that the Man and Environment (MAE) curriculum 
needed to be divided into one of the following; 
History and Geography, and Science and Health 
History and Geography, and Science and Living Skills. 
History, Geography, and Science 
This meeting was held in January 1993, and another was held in September of the 
same year, where CDC presented a working paper on the primary school science 
curriculum, At this meeting it was decided by the chairman of the CCC that there 
would not be a trial of the primary science curriculum. It would be implemented 
without trial in December 1994. Thus, the new innovation was implemented in an 
ad-hoc and hasty manner. 
However, prior to this, in 1992, CDC carried out a study of Year 6 pupils' 
achievement in science (within the Man and Environment subject). The findings 
showed that pupils' science achievement was quite low, with a mean score of 51.2%. 
Only 14.2% were able to achieve cognitive ability, and pupils' weaknesses in higher- 
process science skills such as analysing and concluding were apparent. This finding 
played an important role in providing evidence of the failure of Man and 
Environment to develop pupils with scientific abilities. Other evidence of the failure 
of MAE was presented in the national seminar in 1990. Professor Ishak Haron wrote 
of the failure of the subject to be presented as an integration of knowledge of Man 
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and Environment. Instead, in reality, the subject included non-integrated concepts, 
skills and knowledge. This, he said, could be seen in the textbook. He further argued 
that there is an imbalance between the subjects integrated and taught in MAE. 
Finally, there was a further curriculum innovation and the programme for the 
primary school curriculum was called Integrated Primary School Curriculum. It was 
implemented in December 1994. The Man and Environment subject was finally 
divided into two subjects: science and local studies. The next section vAll discuss in 
detail the design, aims, rationales, and principles of the Integrated Primary School 
Curriculum. 
1.4 The Integrated Primary School Curriculum 
Table 1.3 shows the structure of the new KBSR. 
PHASEI PHASEII 
Bahasa Malaysia Bahasa Malaysia 
Communication Basic skills English Language English Language 
Chinese Language Chinese Language 
Tamil Language Tamil Language 
Mathematics Mathematics 
Man and Spiritual, Values Islamic Religious Islan-de Religious Education 
Environment and Attitudes Education Moral Education 
Moral Education 
Humanities and Science 
the Environment Local Studies* 
Individual Self - Living Skills Living Skills" 
development 
Arts and Music Music 
Recreation Art Education Art Education 
Physical and Physical and Health 
Health Education Education. 
Co-curriculurn 
Table 1.3 The structure of the new KBSR curriculum design 
Man and Environment as a subject is replaced by Science and Local Studies in stages in Years 4 and 
5 and completely by year 6 in 1997. 
The Living Skills subject has been implemented in the primary school since 1992/1993 session in 
year 4 pupils. 
(CDC 1994a) 
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Eleven years after the implementation of the KBSR curriculum, there was another 
innovation. In December 1994 the Integrated Primary School Curriculum 
(known in Bahasa Malaysia by the acronym Kurikulum Bersepadu Sekolah 
Rendah, KBSR, hereafter designated new KBSR) was implemented, replacing the 
original KBSR. 
Three new subjects were introduced: Living Skills, Science and Local Studies. 
Health elements were introduced within the Physical and Health Education subject 
areas. A new field is included in Islamic Religious Education: 'Asas Akhlak 
Islamiah' (Basic Islamic Morals). The latter emphasises the building of the 
personality of the pupil in accord with Islamic behaviour and values. The pupils are 
taught good Muslim characteristics and the moral system of Islam. 
Morality means the right and wrong of an action; a set of rules of conduct based on 
the principles of 'right' conduct rather than on Law or Customs. The words 'right', 
f wrong', 'good', 'bad', 'virtuous' and 'evil' are terms denoting value judgement 
while terms like 'charity', 'humility', 'truthfulness', 'justice' and 'bravery' are 
descriptive terms, designating a particular mode of behaviour. Whether a particular 
attitude or action is considered good or bad depends upon the criterion by which 
human actions are judged. In Islam this criterion is Quran andSunnah (the practice 
of the prophet Muhammad, Peace be upon Him). It is hoped that, with this 
knowledge, Muslim pupils will intemalise Islamic moral values and Muslim 
behaviour, and will finally develop the good personality of a Muslim. 
In Moral Education the number of values to be taught was increased from 12 to 16. 
The 16 values are kindness, self-reliance, high principles, respect, love, justice, 
freedom, courage, physical and mental cleanliness, honesty, industry, co-operation, 
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moderation, thankfulness, rationality and socialisation. Lesson in Moral Education is 
usually taught by using stories, songs, poems, newspaper articles, etc. The methods 
that teachers can apply in moral teaching are role-play, simulation, project, inquiry 
etc. For example, in teaching the value of rationality, a teacher can incorporate the 
sub-value of rationality, i. e. consideration in making judgements. To teach this 
value, for example, a teacher can use a story that relates to it. After listening to the 
story, pupils are given activities or situations that will give them the opportunity to 
reason out the value being taught, and at the end of the lesson the pupils should be 
aware of the importance of giving consideration, i. e. being rational in making 
judgements. In a Moral Education lesson, emphasis is placed on inculcating the 
reasoning of morals, moral behaviour and moral emotion. Written exercises are not 
regarded as very important in moral education. If a teacher gives any written 
exercise, it will not be in a cognitive form but more of a situational question format 
that ask the pupils to apply the values taught. All 16 values are taught to pupils from 
Year I to 6. The difference is the in stories and issues raised in the lesson. For the 
Year I pupils the issues are closer to the pupils themselves, and their families and 
friends; but for the Year 6 pupils the issues are related to their neighbours, 
communities and nation. 
There are a number of emphases within the new KBSR. One of these is 'values' 
across the curriculum. Even though the noble values are taught in Islamic Religion 
Education and Moral Education they are also emphasised in other sub ects and are to j 
be taught directly or indirectly through situations in the classroom. To enhance 
learning in the classroom, the noble values can be practised in the co-curriculum 
activities during the interaction Yvith others in or outside the school compound. For 
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example, in uniformed clubs or societies such as Girl Guides, Boy Scouts etc., 
teachers can indirectly inculcate the values during their activities. The pupils can 
thus be taught values such as kindness, self-reliance, respect and caring during a 
camping session where many interactions occur. In the process, many unplanned 
occurrences will teach the pupils to develop co-operation, socialisation and many 
more sub-values wbich can be instilled indirectly. 
Another emphasis is on patriotism across the curriculum. The aim of this element is 
to produce in the generation a love for the country and pride in being a Malaysian. A 
patriotic element is to be instilled through all subjects and be taught across the 
curriculum. It can also be instilled through co-curriculum and community service 
activities. For example, in the science curriculum, this patriotism element is 
introduced in one component i. e. Investigating the Tecbnological World. In the 
lesson on appreciating the contribution of inventors to the world, besides teaching 
the pupils about inventors from the West, teachers also introduce inventors from 
Malaysia, for example Zulkifli Haron, who has developed robots, a solar powered 
bicycle, a telepbone that is able to communicate vAth bousehold appliances, etc. In 
co-curriculum activities, the national anthem will usually be sung at the beginning of 
the activity out of respect and love for the nation, and this will teach and instil a 
patriotic spirit among the younger generation. 
The aim of the new KBSR is to ensure the development of pupils' potentials in a 
holistic, balanced and integrated. This development includes intellectual, spiritual, 
emotional and physical aspects in order to produce balanced, harmonious and good 
moral pupils. This new KBSR incorporates the same aspects of pupils' development 
as the original KBSR, but the difference is that the original curriculum focused on 
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the basic skills, the 3 Rs. By contrast, the new KBSR not only attaches importance to 
the 3 Rs but incorporates many other aspects. Therefore, to achieve the aim of the 
new KBSR, the current objectives of primary education seek to enable pupils to: 
master the Malay Language in the context that it is the National Language of the country 
master basic language skills, i. e. converse, read and write in the medium of instruction of the 
schools 
master basic skills of arithmetic and be able to use them to solve everyday problems 
acquire learning skills 
acquire thinking skills 
speak, read, write and understand the English Language in the context that it is a second language 
acquire knowledge and make the effort to increase it 
develop leadership attitudes and self-confidence 
have knowledge, understanding, interest and sensitivity towards man and the environment 
develop scientific and technical skills 
understand, be interested in, appreciate and be involved in charity activities, art and recreation in 
the national cultural circle. 
care for their own health and fitness 
develop the skills and form an interest with positive attitudes towards entrepreneurial activity and 
productivity 
develop the reading skills and an understanding of the verses in the Quran (for the Muslim pupils) 
have faith in the Islamic values and practice the noble Islamic values (for the Muslim pupils) 
develop values of patriotism 
develop talents and creativity 
practice attitudes and behaviour in line with the noble values and practice them in their everyday 
lives 
(CDC 1994a) 
These objectives can be categorised into five groups (see Table 1.4): 
self-development for lifelong education 
intellectual development 
spiritual development 
emotional development 
physical development 
According to the official directives, in implementing KBSF, teachers are reminded 
to give emphasis to the aspects below in their teaching of any subject: 
basic skills 
thinking skills 
values across the curriculum 
language across the curriculum 
patriotism across the curriculum 
pupil-centred teaching and learning strategy 
continuous evaluation 
remedial and enrichment 
flexibility 
science and technology across the curriculum (CDC 1994a, p. 47) 
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The above components are to be practised in all disciplines at the primary level, and 
teachers are to plan their lessons in such a way that these components are integrated 
into their lessons as much as possible, 
CATEGORIES OBJECTIVES 
Self-development for 0 acquire leaming skills 
lifelong education 0 acquire thinking skills 
0 develop leadership attitudes and self-confidence 
develop talents and creativity 
0 acquire knowledge and make the effbrt to increase it 
Intellectual development 0 master the Malay Language in the context that it is the 
national Language of the country 
0 master basic language skills, i. e. converse, read and write 
in the medium of instruction of the schools 
0 master the basic skills of arithmetic and be able to use 
them to solve everyday problems 
0 speak, read, write and understand the English Language in 
the context that it is as a second language 
0 develop scientific and technical skills 
0 develop skills and form an interest with positive attitudes 
towards entrepreneurial activity and productivity 
Spiritual development 0 develop reading skills and an understanding of the verses 
in the Quran (for the Muslim pupils) 
0 have faith in the Islamic values and practice the noble 
Islamic values (for the Muslim pupils) 
0 practice attitudes and behaviour in line with the noble 
values and practice them in their every day lives 
Emotional development 0 understand, be interested in, appreciate and become 
involved in charity activities, art and recreation in the 
national cultural circle 
0 develop values of patriotism 
Physicaldevelopment 0 care for their own health and fitness 
Table 1.4 The categories of the primary school objectives 
The new KBSR curriculum is based on the National Educational Philosophy, which 
advocates an integrated approach (with different emphases from the old curriculum) 
to the curriculum. The National Educational Philosophy states that: 
'Education in Malaysia is an on-going effort towardsJurther developing the potential of 
individuals in a holistic and integrated manner, so as to produce individuals who are 
intellectually, spiritually, emotionally andphysically balanced and harmonious, based on a 
firm belief in and devotion to God Such an effort is designed to produce Malaysian Citizens 
who are knowledgeable ad competent, who possess high moral standarA and who are 
responsible as well being able to contribute to the harmony and betterment of thefamily, the 
society wid the nation at large'. (Ministry of Education 1997) 
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In this integrated approach, the elements of knowledge, skills and values are 
integrated so that the intellectual, spiritual, emotional and physical aspects are ' 
developed in the pupils. Therefore the new KBSR attempts to ensure that all subjects 
play a role in fulfilling pupils' various needs. Integration can be achieved in various 
ways, for example: 
Integration of skills between subjects - e. g. a cross-curricular subject approach; 
Integration of values in subjects - e. g. the cleanliness and safety aspects emphasised during 
practical activity; 
" Cross-curricula elements including: language across the curriculum, environment across the 
curriculum, science and technology across the curriculum, patriotism across the curriculum, 
thinking skills across the curriculum, and learning skills across the curriculum; 
" Integration between curriculum and extra-curricular activities. Extra-curricular activities 
strengthen the curriculum activities in classroom - e. g. a science club; 
" Integration between knowledge and practice - e. g. knowledge gained in the classroom becomes 
the basis of practice in day life; 
" Integration between children's existing knowledge and new experiences. (CDC 1994a) 
In summary, integration can be implemented through the curriculum, i. e. through 
knowledge and skills, values, language, extra-curricular activities and also school 
culture. The school culture includes the physical and non-physical environment of 
pupils in the schools. An environment that is encouraging and supportive would give 
a positive impact on the teaching and learning processes, and inculcates the noble 
values. The physical environment of the school can contribute by having a reading 
comer or reading garden in addition to the library so as to enhance pupils' interest in 
reading, locating information, or following up references. Schools should encourage 
the aspects of good human interactions and relationships. Schools have to, promote a 
sense of belonging. A school can be compared to a happy family and pupils should 
feel that the school is a place where they can be content, thereby promoting a 
positive attitude towards knowledge and the school itself 
Another emphasis of the new KBSR concerns the holistic development of 
individuals. The curriculum ensures that all subjects will play a role in fulfilling the 
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intellectual, spiritual, emotional and physical aspects. Holistic development means 
that individual potentials cannot be developed separately. Every potential developed 
has to be interrelated with others. For example, in sports or games, the above aspects 
cannot be separated from the social aspects. Knowledge in games is the intellectual 
aspect, where pupils need to know how to play sports or games according to rules 
and regulations. Team spirit, good sportsmanship and the spirit to play for the nation 
constitute the spiritual aspect that pupils need to develop. These two potentials have 
to be interrelated so that pupils become holistic individuals inspired by the 
curriculum. 
The new KBSR program also aims to provide equal education for all pupils to enable 
them to acquire knowledge, skills and balance through direct experiences. This is 
done, for instance, by having the same curriculum content for all pupils. Another 
aspect of the new KBSR programme is to provide for lifelong education. Learning is 
a continuous effort and the school level is only the beginning. Hence, education in 
school should prepare pupils for continuity of learning in their future lives. 
According to this principle, the knowledge and skills provided in the KBSR 
programme are the basics needed by the pupils to understand their everyday 
experiences, and they become the foundation for lifelong education. Therefore, 
educational processes should not stop at the end of schooling but should be a 
continuous element of lifelong learning. Education is not just the acquisition of 
knowledge but the development of the individual in attaining increasing self- 
realisation as the result of successive experiences. As Lengrand (1975) states: 
'The Prospect of instituting lifelong education, and the needfor it, are to be judged not in 
relation to otherpeople or to a given body ofknowledge external to the pupil, but in relation 
to the personal development of a Particular individual'. (p. 5 1) 
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Cropley (1980) argues that: 
'Lifelong education conceptualised as a meansforfacifilating life long learning would. 
2) lead to the systematic acquisition, renewal, upgrading and completion of knowledge, skills 
and attitudes, as hecame necessary in response to the constantly changing conditions of 
modern life, with the ultimate goal ofpromoting the self-juOlment of each individual'. (p. 3) 
Thus the KBSR curriculum aims to provide pupils with life-long learning by 
providing appropriate opportunities for everyone throughout their lives. This means 
that educational provision should provide opportunities to any individual for 
finthering their educational development. As Cropley (1980) suggested, the 
systematic acquisition of knowledge, skills and attitudes is essential as a preparation 
for lifelong learning. Cropley (19 80) further argues that: 
The kind of characteristics neededfor purposeful lifelong learning include the skills 
necessaryfor learning under different circumstances and at different times, the motivation to 
cany out such learning, the image of oneseffas a learner, a positive attitude to learning. the 
ahiljtý, to set goals mid evaluate the extent to which they have heen achieved, a realistic 
appraisal of ownspotentials, a constructively critical attitude to oneself, society and 
knowledge, and similar characteristic. (p. 6) 
This reflects the specific aims of the new KBSR: developing learning skills and 
thinking skills, and making an effort to increase acquired knowledge. Ilus, the 
purpose of education is not to teach a fixed quantity of facts but to teach the art of 
learning and learning continually (Maheu 1973). It is no longer merely a matter of 
transmitting a static body of values and skills, rather the aim is to help the child 
realise from the outset that some of the intellectual, scientiflc and ethical content of 
the education received is bound to change (Adiseshiah 1970). Therefore the new 
KBSR emphasis on lifelong education is important in preparing our children for their 
future lives. As Dave (1976) stMed: 
'A major concept in lifelong education is that knowledge is a continuousfabric. Hence its 
content should stress the unity of knowledge. in a number of ways. Within particular 
disciplines, broad disciplines andgeneral implications should be emphasised Across 
disciplines, there should be a horizontal integration of arts and science, so those boundaries 
between disciplines will tend to disappear. (p. 3 68) 
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These statements support the new KBSR integrated approach in trying to develop 
holistic individuals. It implies that by promoting the integrated approach in the 
curriculum, KBSR also caters for lifelong education. 
In summary, the new KBSR principles emphasise the integrated approach, holistic 
individual development, equal education for all pupils, and lifelong learning. 
Teachers must therefore relate their teaching and learning objectives to students' 
abilities, using a variety of techniques, including teaching and learning aids that are 
interesting and match the needs and abilities of all the pupils. As Holt (1994) 
observes: 
'A child is most intelligent when the reality before him arouses in him a high degree of 
attention, interest, concentration, involvement - in shorl, when he cares most about what he 
is doing. 7hat is why we should make schoolrooms and schoohvork as interesting and 
exciting aspossible, noijust so that school will be apleasaniplace, but so that children in 
school will act intelligently and get into the habit of acting intelligently'. (p. 10) 
This implies that primary school teachers must have a strong knowledge base within 
classroom teaching and learning processes in order to provide interesting and 
exciting schoolrooms and schoolwork for their pupils. With good pedagogical 
content knowledge (Shulman 1987), teachers should be able to improve primary 
school education, and most of the aims of the new KBSR will be achieved. This 
means that by possessing a good content knowledge of the subject, teachers should 
be able to transfer the knowledge to the pupils. To do this teachers need a secure 
knowledge of pedagogy. They also need knowledge of their pupils' characteristics in 
order to plan suitable activities in accord with their pupils' abilities. The 
combination of content knowledge and pedagogical knowledge will enable teachers 
to solve problems of learning and teaching. As explained by Shulman (1986): 
Pedagogical content knowledge also includes an understanding of what makes the learning 
of specific topics easy or difficult: the Conceptions andpreconceptions that students of 
different ages and hackgrounds hring with them to the learning of those mostftequently 
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taught topics and lessons. If those preconceptions are misconceptions, which they so often 
are, teachers need knowledge of the strategies most likely to be fruitful in reorganising the 
understanding of learners, because those learners are unlikely to appear before them as 
blank slates. (p. 10) 
Thus, it is important for teachers in Malaysia, when teaching the new KBSR 
program, to bave the necessary pedagogical content knowledge to be able to produce 
the holistic and balanced individuals, as intended by the new curriculum. The 
importance given to children's development in the new KBSR programme supports 
Shulman's argument that children should not be considered as blank slates, but the 
aim must be to build on their initial ideas. In this way, teachers will be able to direct 
their teaching to the needs and abilities of individual pupils. Hence teachers must 
plan their teaching strategies in order to achieve the children's holistic development 
- intellectually, spiritually, emotionally and physically - in the Malaysian context. 
1.5 A Comparison of the Objectives of the Malaysian and the National 
Curriculum in England and Wales 
Comparing Malaysian objectives for primary education with the requirements of its 
National Curriculum shows that there are similarities. The National Curriculum also 
emphasises a balanced and broadly based curriculum which should promote the 
spiritual, moral, cultural, mental and physical development of the pupil (Emmerson 
and Goddard 1989). The DES (1985) defines the meaning of broad and balanced as 
follows: 
'Me curriculum should aim to he broad by bringing all pupils into contact with an weed 
range of areas of learning and experience. It should be balanced in that it allows the 
adequate development of each area In addition, each major component should have 
breadth, balance and relevance and should incorporate a progression in the acquisition of 
knowledge and understanding, Ae various curricular areas should reinforce and 
complement one another so that the knowledge, concepts, skills and attitudes developed in 
one area may he put to use andprovide insight in another, thus increasing the pupils' 
understanding, competence and confidence. (para 12, p. 7) 
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This is similar to the emphasis in the new KBSR on the potential development of 
children as holistic, balanced and integrated. This development includes the 
intellectual, spiritual, emotional and physical aspects to produce a balanced, 
harmonious and good moral human being. This is done through an integrated 
approach to the curriculum. 
The National Curriculum in England and Wales also emphasises that the curriculum 
should prepare the pupils for the opportunities, responsibilities and experiences of 
adult life: 
7he curriculum should be relevant in the sense that it is seen by pupils to meet theirpresent 
andprospective needs. Overall, what is taught and learned should be worth learning in that 
it improvespupils'grasp of the subject matter and enhances their ei#oyment of it and their 
mastery of the skills required, increases their understanding of themselves mid the world in 
which they are growing tip, raises their confidence and competence in controlling events and 
coping with widening expectations and demands; andprogressively equips them with the 
knowledge and skills needed in adult working life. Such a curriculum will be practical in that 
it serves useful purposes and is seen to do so by pupils, parents and their wider society. Aus 
relevance andpracticality are closely related but not always synonymous. '(DES 1989a, para 
116, p. 45) 
This points to a similarity with Malaysia's new KBSR, which states that the 
objectives of primary education are to provide the opportunity for children to acquire 
knowledge, and to develop the initiative and determined to increase their knowledge 
independently. This will lead to the development of leadership qualities in children 
and boost their self-confidence (CDC, 1994a). These children will display the 
knowledge, understanding and interest towards human beings and the environment, 
thereby developing a sense of responsibility in the children which will become a 
basic value of their adult life. One of the objectives stated in the new KBSR is that 
the children will be provided with the opportunity to acquire skills and develop an 
interest in, and positive attitudes towards, entrepreneurism and productivity in the 
Malaysian context. This can be seen as another similarity with the National 
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Curriculum in England and Wales, which seeks to prepare children for adult life and 
the world of work (DES 1985). 
The objectives of the school curriculum in the National Curriculum also state that it 
should be differentiated (DES 1985) so that what is taught and how it is taught 
match and develop individual abilities and aptitudes. This resembles the teaching 
and learning strategy suggested in the new KBSR program, which states that teachers 
should take into consideration the multiple abilities of the pupils. Therefore teachers 
are encouraged to use various methods and techniques when considering the 
development, ability, interest, talent and learning styles of children. Hence, this will 
determine what teachers teach and how teaching is matched to individual abilities 
and aptitudes. However, Office for Standards in Education (OFSTED) (1994) also 
found that: 
'Good achievement by pupils was also associated with teachers who had high but realistic 
expectations and who planned thoroughly to achieve an effective match between the task set 
ad the pupils'developing abilities. In a majority of the lessons, however, especially in Key 
Stage 2 the work closely matched only the abilities of the average pupils, and left the more 
able insufficiently challenged, and the less able unable to cope with key aspects of the lesson 
content. Teachers'expectations ofpupils seemed to be shaped by two powerfulfactors: their 
understanding of the subject content they were required to leach and their perceptions of the 
ability of the children to profitfrom that leaching. It was often thefirst of 1hesefactors which 
presented the greatest obstacle to progress because the lack of subject Itnowledge stood in 
the way of planning sequences of work to a sufficient depth andpresenting subject content in 
different ways in response to pupils'levels of understanding '. (para 13, p. 3) 
This shows that the National Curriculum in England and Wales, in trying to promote 
a differentiated curriculum, has faced some obstacles. In particular, even though the 
proposal is for a differentiated curriculum, this aim is not always realised due to 
some teachers' inability to deliver what is required. 
The above comparisons reveal that the curriculum objectives of Malaysia's new 
KBSR and of the National Curriculum in England and Wales have much in common. 
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Both have been developed to produce a better quality of education for the children of 
the nation. This in turn means that excellent teachers will be needed to improve the 
quality of education. Thus, the teacher education program will have a vital role to 
play. Table 1.5 presents a comparison of the Malaysian KBSR and the National 
Curriculum in England and Wales. 
COMPONENTS MALAYSIAN KBSR NATIONAL CURRICULUM IN 
ENGLAND AND WALES 
Pupil Development Intellectual, spiritual, emotional and physical - Holisticý Spiritual, moral, cultural, mental and 
balanced, harmonious and good moral physical 
Curriculum Integrated, holistic, equal education for all and lifelong Bread" balance, relevance, 
learning difterentiation, progression and 
continuity 
" Master the Malay Language in the context that it is the to help pupils develop lively, 
National Language of the country inquiring minds, the ability to 
" Master the basic language skills i. e. to Converse, read question and to argue rational and 
and write in the medium of instruction of the schools apply themselves to tasks, and 
" Master the basip. skills of arithmetic and be able to use physical skills 
them to solve everyday problems 0 to help pupils acquire knowledge 
" Acquire learning skills and skills relevant to adult life and 
" Acquire thinking skills employment in a fast-changing 
" Speak, read, write and understand the English world 
Language in the context that it is a secorid language 0 to helps pupils to use language and 
Acquire kriowledge and make the effort to increase it numbers effectively 
0 Develop leadership attitudes and self- confidence 0 to instil respect for religious and 
1 lave knowledge, understanding, interest and moral values, and tolerance of 
sensitivity towards man and the environinent other races, religions and ways of 
Develop scientific and technical skills life 
" Understand, be interested in, appreciate and be 0 to help pupils understand the 
involved in charity activities, art and recreation in the world in which they live, and the 
national cultural circle interdependence of individuals, 
" Care for their own health and fitness groups and nations 
Develop skills and fonn an interest with positive 0 to help pupils appreciate human 
attitudes towards entrepreneurial activity and achievements and aspirations 
productivity 
Develop reading skills and an understanding of the 
vents in the Quran (for Muslim pupils) 
I lave faith in Islamic values and practice the noble 
Islamic values (for Muslim pupils) 
" Develop the values of patriotism 
" Develop talents and creativity 
" Practice attitudes and behaviour in line with the noble 
values and practice them in their everyday lives 
Table 1.5 A comparison of the new KBSR and the National Curriculum in England and Wales 
1.6 The Implementation of Curriculum Innovation 
Education has always been a dynamic field. This is especially so in respect of 
changes that occur in the school curriculum. A fundamental reason for producing a 
new curriculum is to provide better learning opportunities for students; for example, 
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higher achievement levels in terms of understanding, skills and values. When a new 
curriculum is introduced, besides the revised goals for the students there will also be 
changes in the structures, programmes and practices for the teachers and for the 
schools' organisation. 
Before a new curriculum can be implemented, there is a long process of educational 
change. Most curriculum writers (e. g. Nichols and Nichols 1975, Fullan 1991, Marsh 
1992) agree that there are four basic phases in the process of educational change: 
the Orientation/Need phase, 
the Initiation/Adoption phase, 
the Implementation/Initial Use phase, 
the Institutionalisation/Confirmation phase. 
In this study, the main area of interest is the implementation phase. Fullan and 
Pomfret (1977) suggest four reasons for studying implementation. First, if we do not 
conceptualise and measure implementation, we will not know if there have been any 
changes. Secondly, we need to understand some of the reasons why many 
educational changes fail. Thirdly, we need to ensure that the implementation phase is 
not ignored or confused vvith other aspects of the process of change, such as 
adoption. Finally, we need to interpret leaming outcomes and to relate these to 
possible determinants. Thus, educationalists and others involved within the 
education domain must examine any implementation so that we can find out if any 
change has occurred and understand its success or failure. However, curriculum 
change and innovation face many challenges before they can be accepted and the 
focus of this thesis will be on the implementation of curriculum Innovation at 
classroom level. 
in any evaluation of curriculum innovation, a major factor will be the teachers 
themselves, usually referred to as the agents of change during the implementation 
36 
phase. According to Fullan, and Pomfret (1977), implementation refers to the actual 
use of an innovation or wbat it consists of in practice. This means we must examine 
how the change agents use innovation and put it into practice. Change agents are the 
most important group involved in curriculum innovation because they are the ones 
who provide the communication link between the developer and the clients (Marsh 
1992). Since change agents in an educational context are the teachers who will 
implement the innovation, it is necessary to focus on them and how they implement 
or cope with innovation. 
Fullan (1991) includes 'local characteristics' as one of the factors affecting 
implementation (one of the local characteristics being the teacher). He states that 
some teachers, depending on their personality, the influence of their previous 
experiences, and their stage of career development, are more self-actualised and 
have a greater efficacy, which leads them to take action and persist in their efforts to 
bring about successful implementation. This implies that not all teachers or agents of 
change are willing implementers. This makes a study of the teachers themselves as 
implementers even more important. According to McNeil (1990), there is little 
financial incentive for teachers in accepting innovation. Indeed teachers may have to 
work longer in order to implement such changes and may attract criticism from those 
who are opposed to it. It is more comfortable and a lot safer to be conventional most 
of the time. This indicates the importance of teachers' acceptance of innovation, 
because their resentment might result in the failure of innovation. 
1.7 Curriculum Innovation and Teachers' Thinking 
In order for curriculum innovation to be successful, teachers must act as effective 
agents of change. Hence, it is important to find out how teachers implement the new 
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curriculum in their classrooms and whether the implemented curriculum matches the 
intended curriculum. 
. 
Elbaz (1983), in her studies of teachers' practical knowledge, divides the content of 
practical knowledge into five categories: knowledge of the subject matter, the 
curriculum, instruction, self and the milieu of schooling. The most important aspect 
of practical knowledge, for Elbaz, is how teachers hold and use it since this will 
determine whether the teachers become autonomous agents in implementing 
curriculum innovation. 
Clark and Peterson (1986) categorise teachers thought processes into three domains: 
teachers' planning, teachers' interactive thought, and teachers' theories and beliefs. 
In terms of the third domain, they conclude that teachers hold implicit theories about 
their work, and that these theories can be made explicit in a variety of ways. For 
example, Olson's (cited in Clark and Peterson, 1986) research on teachers' implicit 
theories of curriculum innovation found that the most important construct in these 
theories was classroom influence, whereas Munby (cited in Clark and Peterson, 
1986) found that the five most frequently constructed categories mentioned by 
teachers were: student learning and developmental goals, student involvement, 
teacher control and authority, student needs and limitations, and motivation. Both 
these studies showed that teachers' implicit theories and beliefs are close to their 
practical knowledge of the learners' characteristics and are an important component 
of their curriculum implementation 
Clark and Yinger (1979) reported that teachers' thinking involves the processing of 
cognitive information concerned with teachers' judgement, decision-making and 
planning, and implicit theories or perspectives. For Clark and Yinger, the thinking 
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processes that through which teachers collect, organise, interpret and evaluate 
information will guide and determine teacher's behaviour. In terms of teachers' 
implicit theories, they conclude that teachers thinking and behaviour are guided by a 
set of organised beliefs, and that teachers are not conscious of this. Clark and Yinger 
(ibid. ) observe that teachers usually refer to their personal perspective, to implicit - 
theories, to a conceptual system or to a belief system about teaching and learning 
when they are faced with problems. For teachers, these elements of classroom 
situations are important in their work. Therefore, teachers' beliefs will influence 
their work, and if an innovation is to be successfully implernentedý it will have to be 
synchronised with those beliefs. 
These studies show that teachers' practical knowledge, implicit theories and 
pedagogical content knowledge are use to guide their practice and shape their 
working situations. Therefore, when a curriculum innovation is introduced, teachers 
will use their practical knowledge to respond the new curriculum. It will also 
determine whether an innovation is accepted or rejected. 
1.8 Teacher Training in Malaysia 
Teacher training colleges and universities provide initial teacher education. At 
present there are 31 teacher training colleges scattered all over Malaysia. They 
provide three main types of pre-service programme: a three-year Malaysian Diploma 
in Teaching (primary school), a one-year Post-Diploma in Teaching (lower 
secondary or primary school) and a one-year Post-Graduate Diploma in Teaching 
(secondary school). The teacher training colleges also provide two main types of in- 
service programme. The Special Diploma in teaching is a one-year programme 
aimed at upgrading teachers in their respective specialist subject areas. The local 
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universities accredit the programmes, and participants who excel may continue 
directly into the second year of their degree programmes. Another programme is the 
Professional Development Courses, which are 14-week customised courses designed 
to upgrade and update the professional skills and knowledge of both primary and 
secondary school teachers. The Teacher Education Division also conducts twinning 
programmes with local universities and foreign universities to increase the number 
of graduate teachers. Trained teachers from primary and secondary schools follow 
these programmes to obtain either a first degree or post-graduate degree. 
Teacher education in the university programme leading to a Bachelor's Degree in 
Education or Post-Graduate Diploma in education is offered in local universities. 
The Faculties of Education conduct these programmes. A new Teachers' University 
known as The Sultan Idris Teachers' University was established in 1997. This 
university was established in order to increase the number of trained graduate 
teachers in line with the Ministry of Education's policy of eventually having 
graduate teachers in all primary and secondary schools. 
When the change to the Malaysian primary curriculum was implemented in 
December 1994, the Teacher Training Division also implemented a new programme 
for the teaching of the additional subjects. At that time the programme of the teacher 
trainee was a Malaysian Certificate in Teaching of two and half- years duration for 
the pre-service course. 
By comparison, in the United Kingdom the two most common routes into the 
teaching profession are the undergraduates Bachelor of Education (B. Ed. ) course and 
the Post- Graduate Certificate of Education (PGCE). The B. Ed. holder will be 
directed mainly to primary school teaching, whereas the PGCE holder will teach in 
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either secondary or primary schools. In addition there are smaller School-Based 
Initial Teacher Training (SCITT) courses in which students' training is based in a 
school, or consortium of schools, without there necessarily being an input from 
higher education (Education and Employment Committee 1997) 
As in Malaysian, the United Kingdom government also introduced a Graduate 
Teacher Programme (GTP). This replaced the Licensed Teacher Scheme and 
Articlcd Teacher Scheme and offered a route for non-graduatcs who have 
successfully completed two years of higher education in the UK or elsewhere. The 
GTP is an employment-based route into teaching for those who do not wish to go 
through the traditional pre-service training routes. Those in this scheme will 
undertake paid work as teachers in school during the training period (House of 
Commons- Education and Employment Committee 1997). 
1.9 The Situation during the Initial Implementation of the New KBSR 
This study will focus on the implementation of primary science during a time of 
curriculum change. At the same time as the primary science curriculum was being 
implemented in school, the training of teachers for the science option was only just 
starting. This cohort of trainees will only be posted to schools two and a half years 
into the implementation of the new curriculum. The training programme is 
conducted over five semesters and includes knowledge and pedagogical components. 
The pedagogical component includes the science curriculum, strategies for teaching 
and learning science, micro and macro teaching, science process skills, the 
management of science rooms (laboratories), teaching and learning resources, and 
theevaluation and management of the science curriculum. The content knowledge is 
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in line with the content of the primary curriculum, but the trainees are taught the 
content of science up to form five secondary level. 
In the United Kingdom, the Department for Education and Employment (DfEE 
1998) states, in the 'Requirements for Courses of Initial Teacher Training (ITT)' for 
primary science, that the curriculum should include the pedagogical knowledge and 
understanding required by trainees to secure pupils' progress in science and to 
develop effective teaching and assessment methods and trainees' knowledge and 
understanding of science. The minimum qualification in science for those who enter 
the primary and KS 2/3 courses in ITT is GCSE Grade C (or its equivalent) in 
science, but this does not necessarily mean that the trainees have sufficient science 
content knowledge for them to feel competent with the science they have to teach. It 
is stated in the document that the providers of ITT should audit trainees' knowledge, 
understanding and skills against the science content in the KS I and KS2 
Programmes of Study. If providers identify gaps in trainees' subject knowledge, they 
must make arrangements to ensure that trainees gain that knowledge and 
understanding during the course, and that by the end of the course trainees must be 
confident and competent in using the science specified (DfEE 1998). 
In Malaysia, there used to be in-service programmes in 1995 for primary science 
education, offered by the teachers' colleges for trained teachers and conducted 
simultaneously with the implementation of the new KBSR. The in-service 
programmes were either a one-year programme or a 14-week programme focussing 
on the teaching and learning of primary science. These courses were only offered for 
two consecutive years and were then stopped because the colleges were directed by 
the Teacher Education Division to concentrate on the twinning programme. The one- 
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year course was only conducted in two colleges, with about 25-30 participants in 
each. Thus the majority of trained teachers teaching science in schools during the 
period of initial implementation had no formal training in the teaching of science. 
However, these teachers were given a five-day orientation course supervised by the 
District Education Office. During this course the key personnel (selected teachers 
vAth good teaching records) conducted the in-service course. Teachers were 
introduced to the new curriculum by lectures with handouts providing much of the 
infonnation. 
In contrast, United Kingdom in-service training for the National Curriculum takes 
one of two forms: whole school review and raising of awareness. The whole school 
review uses the Guidelines for Review and Internal Development in Schools 
(GRIDS) system. There was evidence that this system was favoured by teachers 
since it focussed their attention on a common list of aspects of school life that might 
need to be reviewed and from which training needs could be identified. The 
awareness-raising took the form of day conferences for teachers from the same phase 
(most frequently primary) or in cross-phase groups consisting of a secondary school 
with its feeder primary schools. The conference was aimed to provide the necessary 
information about the National Curriculum. This was a useful way of helping 
teachers to make sense of the mass of documentation and the unfamiliar language of 
the National Curriculum, that many regarded as impenetrable. However, there were 
real dangers of information overload, with too much attempted within a day or even 
a single session (DES, 199 1 b). The training to implement National Curriculum 
science in primary schools was seen as the greatest challenge and given the highest 
priority by LEAs and schools (DES, 199 lb). The courses were planned to meet 
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teachers' needs in relation to the specified National Curriculum attainment targets. 
They also included a day or two variously described as 'Cascade Preparation' or' 
The Role of the Curriculum Leader'. However, a report by the WE (1992) stated 
that: 
Ihere was little evidence of major changes in class-room organisation made to 
accommodate the National Curriculum. In the more effective schools (about two-fifths of 
those visited) the approach to grouping pupils wasfiexible: pupils worked as indfviduals, in 
pairs, in small groups or as whole class as the task demanded 777efleribihty of this sort 
made it easierfor teachers to match the work to the ability of individuals and to give them a 
measure of independence andappropriate opportunitiesfor practical work Me danger, 
particularlyfor the inexperienced teachers, with so eclectic an approach was that too many 
things might be happening at once and that some children who needed help or 
encouragement not be given U. ' (para 61, p. 28) 
This implies that the training or the INSET for the implementation of the National 
Curriculum was not very effective. This is supported by the OFSTED (1994) report, 
which stated that: 
'Me most common organisational weakness stemmedftom the leachersfailure 10 V07Y their 
favoured grouping strategies, which resulted in too much, or too little, time spent on whole 
class leaching or on individual work or on group work In about hatf of the lessons where 
pupil's achievements were unsatisfactory, poor pedagogic skills were combined withweak 
subject knowledge on the leacherspart '. (para 12, p. 3) 
Following the implementation of the National Curriculum for science in primary 
schools, Andrew (1996) argued that: 
'Primwy teachers express a concern that they do not have sufficient scienti c knowledge to 
he coqfident to teach science. Aere are a lot of materials to assist teachers in developing the 
curriculum. But merely staying one chapter a head of the children does not work Teachers 
need to grasp the major ideas that underpin our undertaking ofparticular scientific 
phenomena and events. 7bey also need to know how these phenomena and events to relate to 
each other at a level he)wnd the one they are teaching so that they are able to guide the 
child's learning. Aere is a needfor INSET to assist primary teachers to develop their 
understanding in science at least to GCSE leveL (p. 129) 
This is supported by OFSTED (1995) in the report "A review of inspection findings 
1993/1994", where it recommended steps to be taken to enhance the science subject 
knowledge of teachers, especially those teaching older Key Stage 2 classes. This is 
reflected in one of its findings 
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'In the great majority of schools. science is taught by the class teacher in Key Stage I and 2. 
Many primmy teachers lack the depth of subject knowledge required to underpin rigorous 
science leaching. especially with older pupils. In asmall number of schools, there is same 
specialist leaching or semi-specialist teaching of science, particularly in Years 5 and 6. nis 
can be an effective strategyfor ensuring that pupils are taught by someone with a sound 
understanding of the subject. (pam 43, p. 16) 
The evidence from the implementation of the National Curriculum indicates that 
teachers still need further support if implementing is to be effective. 
Even though the curriculum has now been implemented for five years, there are still 
a large number of teachers teaching primary science with no formal training in 
primary science education. Some headteachers in the primary schools hold the view 
that teachers in such schools are general educationalists, and that they will be able to 
teach all subjects allocated to them, despite their lack of knowledge in some of them. 
These teachers receive information on the primary science curriculum informally 
from colleagues, who have attended the course or have been through a short in-house 
professional development lasting two to three hours. This raises questions about 
teachers' understanding, ability, knowledge and credibility when implementing 
curriculum change, particularly in science at primary school level, and about the 
effectiveness of the implemented curriculum. 
A status report was undertaken by the Inspectorate of Schools, Malaysian Ministry of 
Education (1995a), on primary science in'year 4 in 1995. It found that, from its 
inspection of 210 schools allover the country, 41% of teachers did not have enough 
content knowledge to teach accurately science concepts td primary pupils. Most of 
the teaching strategies used were based on questioning, discussion and lecturing. The 
questions teachers used did not test and challenge pupils' thinking skills, scientific 
skills, attitudes and scientific values. The report also stated that the teachers' science 
process skills, manipulative skills and t4inking skills needed serious consideration, 
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and that that a monitoring system should be employed to evaluate the teaching and 
leaming processes in primary science. 
This report was based on an inspection of year 4 pupils in 1995, when the curriculum 
was initially implemented, and it revealed many problems. Similarly, the School 
Inspectorate of Penang (Malaysian Ministry of Education, 1995b) in its inspection of 
primary science in 1995 in primary schools in Penang, found that teachers still saw 
teaching as a method of imparting concepts and facts to pupils with no activity base 
to enable pupils to be involved in developing science process skills. The School 
Inspectorate, in its inspection in Sabah (Malaysian Ministry of Education, 1995c), 
also found that teachers' strategies were limited to lecturing, questioning and 
discussion. These reports imply that primary school teachers who teach science do 
need support in order to implement the primary science curriculum, especially in the 
teaching and learning of processes. The limited strategies used to teach science 
indicate that teachers might not understand, or be familiar with, the curriculum 
guides from the orientation course or the curriculum documents developed by the 
CDC. 
Comparing the Malaysian situation with the implementation of the National 
Curriculum in England and Wales for science in primary schools, IM, in its report 
on teaching and leaming science in KS I and KS 2 in 1990-199 1, reported that 32% 
of lessons were good or very good and further 34% were satisfactory in KS 1. In KS 
2,24% of the lessons were good or very good, and a further 30% satisfactory. The 
report stated that in the good lessons, the work was well planned and carefully 
organised. The teachers' knowledge of pupils' achievement was used to match work 
to the needs of individual children and teachers' questioning was well considered, 
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carefully timed and encouraged pupils to question for themselves. The teachers' 
interventions enabled the children to avoid undue difficulties, but left them room to 
think things out for themselves; and children were given opportunity to iniate, and 
plan investigations, demonstrate their findings to the rest of the class, and choose 
and use suitable equipment. In contrast, the poor lessons in both Key Stages showed 
that the work was inadequately planned and insufficiently related to pupils' previous 
experience and scientific knowledge, with children often failing to understand either 
what was expected of them or the content of the lesson (DES 1992). 
This evidence clearly shows that the implementation of the primary science 
curriculum in both countries has not been totally successful and that some of the 
primary teachers in the LIK have managed to implement the curriculum more 
successfully than their Malaysian counterparts (as reported by the Malaysian 
Education Inspectorate). Thus, it is important to explore the implementation of this 
innovation five years later in order to discover the nature and scope of teachers' 
problems and how teachers are coping with the teaching of primary science. 
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Chapter 2 BACKGROUND TO THE RESEARCH: PRIMARY SCIENCE 
IN MALAYSIA, INCLUDING SOME COMPARISONS WITH THE UNITED 
KINGDOM 
2.1 Introduction 
This research seeks to explore the implementation of curriculum innovation in the 
new KBSR with a focus on primary science, Science was chosen for this study 
because it is a core subject that is central to Malaysian ambition to become a 
developed country with a scientific and progressive outlook. The Prime Minister, Dr. 
Mahathir Mohamad in his 1991 speech on 'Malaysia: The Way Forward' (cited in 
Saýi, 1993) has outlined nine challenges. These are: 
Aefirst of these is the challenge of establishing a united Ua*sian nation with a sense of 
common mid shared destiny. 7his must he a nation at peace with itself, territorially mid 
ethnically Integrated, living in harmony andfull mulfair partnership, made up of one 
"Bangsa Malaysia " with politically loyalty mid dedication to the nation 
The second is the challenge of creating a psychologically hberatee4 secure and developed 
Makiysian society with faith and confidence in itself, justifiably proud of what it Is, of what it 
has accompfis&4 robust enough lojace all manner of adversity. Ais Malaysian Society 
must be distinguished by the pursuit of excellence, fully aware of all its potentials, 
psychologically subservient to none, and respected by the peoples of other nations 
ne third challenge we have ahtaysfaced is that offastering mid developing a mature 
democratic society, practising aform of mature, consensual, communi"rientedMalayslan 
democracy that caii be a modelfor many developing countries. 
Aefourth challenge is the challenge of establishing afully moral and ethical society, whose 
citizens are strong in religious mid spiritual values and imbued with the highest ethical 
standards 
Aeflfih challenge that we have alwaysfaced is the challenge of establishing a matured, 
liberal and tolerant society in which Malaysians of all colours and creeds areftee to 
practice andprofess their customs, cultures and religious beliefs mulyetfeeling that they 
belong to one nation 
The sixth is the challenge of establishing a scientific andprogressive society, a society that is 
innovative andforward looking, one that is not only a consumer of technology but also a 
contributor to the scientific mid technological civilisation of thefuture 
7he seventh challenge is the challenge of establishing afully caring society and a caring 
culture, a social system in which the woffore of the people will revolve not around the state 
or the individual but around a strong mid resilientfamily system 
7he eighth challenge is the challenge of ensuring an economicallyjust sociely in which there 
is afair and equitable distribution of the wealth of the nation, in which there is afull 
partnership in economic progress. Such a society cannot be in place so long as there is the 
identification of economic backwar&iess with race 
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7he ninth challenge is the challenge of istablishing a prosperous society, with an economy 
that isfUlly competitive, dý7zamic, robust and resilient. (p. 403) 
Challenge number six is aimed especially at educators, and has major implication to 
the teaching of science. With the implementation of primary science in schools, the 
vision of the Prime Minister might be fulfilled if it is understood and shared by 
educators at all levels. Aziz (1993) argues that challenge number six concerns the 
attitudes of both individual minds and society's collective mind: 
'To achieve a scientific society with mifficient attention to numeracy and literacy as well as 
hiformation Technology operacy. the education system has tojoster scientific attitudes such 
as to question what is, to seek something better and to consistentlyproceed according to the 
scientfic method Innovations, discoveries and inventions come when these attitudes become 
an integralpart of the minds of scientist managers, administrators andpoliticians. (p. 333) 
This implies that the educational system in Malaysia must be reformed if challenge 
number six is to be met. Thus, the first step is innovation of the primary curriculum, 
where science is introduced. The education system has to foster scientific attitudes 
from an early stage in children's schooling so that these attitudes will be instilled in 
them and carried through to their future careers. The implementation of the primary 
science curriculum is designed to ensure that scientific attitudes will be inculcated in 
children. As Shohtoku (1993) observes: 
'7he education of boys and girls in mathematics aid science at an early stage has a strong 
impact upon their aptitudefor and interest in their choice of engineering and technolqS5- 
related subjects at higher stages of education. A declining level of education, especially in 
mathematics in certain countries, is causing a great deal of constraint in their effort to 
enhance international competitiveness and in some cases, deterioration of industrial 
strength and research and development. A 11hough emphasis in mathematics and science take 
many years of continued efforts in school beforefruition, it is certainly a task to he 
implemented in the context of Vision 2020'. (p. 303) 
Thus, the implementation of primary science in Malaysian primary schools is an 
appropriate and important step taken by the country in preparing itself to become a 
developed nation. However, Omar (1993) argues that: 
'Although curricular reform is a slow process, educational institution must have the capacity 
to harmonise their activities with the changing global science and technology scene and the 
local industrial structure as well as with government priorities. 7his will require reform in 
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organisational structure, decision makingprocess wid learning teaching methodology. 
(p. 296) 
This implies that educational institutions must play a full role in scientific and 
technological manpower development in support of national and industrial 
objectives, identify critical skill areas, mount a concerted effort in upgrading 
competence in these areas, and create a national culture of continuous education, 
training and skill development (Omar, 1993). However, to gain the manpower 
required for scientific and technological work, the country must start at the primary 
level in order to encourage an interest and ability in these areas. 
A study carried out in Malaysia by Molly et al. (1996) revealed a falling number of 
students in the science streams at secondary school. In 1993 the ratio of science 
students to non-science students was as low as 20: 80. This study also analysed the 
school science curriculum at secondary level and found that pure science subjects 
were too difficult for students with average ability. This finding supported Yoon 
Suan's (1995) study of the falling rolls in science. He stated that the most important 
reason for students choosing or not choosing science was their perceived ability in 
the subject based on their past performance, their personal liking or interest for the 
discipline, and parental influence. Science and mathematics were widely perceived 
to be difficult and demanding. Thus students assumed science was a difficult subject 
to learn. These patterns added a further urgency to the implementation of science in 
primary schools in 1994. 
In M the Assessment of Performance Unit (DES, 1983) revealed a weak 
performance in science among primary school children. The overall report 
concluded that children performed less well at science specific-skills compared to 
general skills. The introduction of the National Curriculum following the 1988 
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Education Reform Act significantly changed science education in the primary school 
system (Fortune, Peters and Rawlinson-Winder 1993). This shows that, in UK, the 
problem with science education was investigated at an earlier stage of scbooling. 
However, statistics for higher education in the United Kingdom in 1992/1993 
revealed a smaller number of undergraduate applications and admissions in sciences 
compared to those for arts and social sciences. According to the statistics (Higher 
Education Statistics Agency 1992/2993), applications for arts and social sciences 
were 17,700 and 23,500 respectively, whereas for science there were only 9,900. 
Therefore, it could be argued that the United Kingdom was correct to take corrective 
measures as early as the primary stage to remedy the situation. 
The same phenomenon occurred in the United States of America in the 1970s. The 
National Assessment of Education Progress (NAEP) report, in the Third Assessment 
of Science, revealed that students' interest in science decreased between the third 
and seventh grades and still further between the seventh and eleventh grades (cited 
in Yager and Penick, 1983). It was also stated that student interest in a given course 
was lower at the end of the course than it was at the beginning. Feldman and Atkin 
(1993) also argue that only about 10% of US secondary school students elect for any 
science beyond the compulsory courses. Fewer still decide to major in science in 
universities. An even smaller number elect to pursue advanced degrees. This 
alarming state of science education has urged the US into a series of steps to carry 
out corrective measures and actions. It has introduced new curriculum programmes, 
made efforts to improve teacher education, has considered a national examination, 
and has stressed the development of standards and initiatives toward a voluntary 
national curriculum. 
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This simiMty between the US and Malaysia shows again that the emphasis and 
importance given to science education is vital for the countries' development and 
progress even though the USA is a highly developed country compared to Malaysia, 
which is striving to become one. Just as the US wants its students to be first in world 
science and mathematics achievement by the year 2000, so Malaysia in trying to 
achieve the status of a scientific and progressive community by the year 2020. This 
shows that both countries have the same perceptions and attitudes towards the 
importance of school science in the education system. 
This further supports the need for a study which takes primary science as an 
illustration of curripulum innovation and investigates teachers' understanding, 
perceptions, knowledge and thinking towards implementing the primary science 
curricultun. 
2.2 Teachers and Teaching of Primary Science in Malaysia 
In the context of this study, there are some important issues from the teachers' 
perspective that will influence the implementation of the primary science 
curriculum. As many researchers in the curriculum implementation field have 
discovered (Nichols and Nichols 1975, Fullan and Pomfret 1977, Kimpston 
1985, Carter and Hacker 1988), it is the teachers as agents of change who will 
determine the success or failure of an innovation (McNeil 1990, Marsh 1992, 
Williams and Williams 1994). 
When a new programme is introduced, it is developed by innovators with their own 
terms of reference, and teachers are required to translate the new programme into the 
school context. Sometimes this may not match the innovators' ideas. Therefore, in 
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order to understand teachers' perspectives on an innovation, it is necessary to talk to 
the teachers themselves so that we can determine the meanings teachers give to 
innovation. As Olson (1980) argued, to understand how teachers construe their 
practice we need to develop ways of gaining access to their thinking. 
The components that will be discussed in this section are teachers' perceptions of the 
nature of primary science teaching, teachers' selection of content, teachers' selection 
of teaching methods, teachers' perceptions on pupil development in science, 
teachers' perceptions of barriers to implementing the curriculum and teachers' 
ideology. 
ZZI Teachers'perceptions of the nature ofprimary science leaching 
In order to study the implementation of the Malaysian primary science curriculum, it 
is important to understand teachers' perceptions about the nature of primary science 
teaching. Teachers' perceptions will influence teachers' conceptions of science 
teaching and learning for primary school children, and will influence their decisions 
about the ways in which they organise their classrooms, their choice of strategies or 
activities, and their interactions with their pupils. 
Primary science teachers in Malaysia are encouraged to apply the 'guided inquiry' 
approach in teaching science. Inquiry, according to Harlen (1999), 'has a variety of 
meanings such as learning which involves children learning actively -hands-on as 
opposed to book learning or it means active learning taking account of children's 
previous experience and ideas'. In this approach pupils are encouraged to raise 
questions and work independently to find answers. Therefore the essential skill 
pupils need for inquiry-based learning is that of aslcing questions. However, in the 
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Malaysian primary science context, inquiry is based on a guided approach. 
Bonnstetter's (1998) model of a guided inquiry is that teachers still have the 
authority to select topics and questions, and provide the material but pupils are 
required to design the investigation, analyse the results and reach supportable 
conclusions. 
The new primary science curriculum in Malaysia sees children as experimenters, 
discoverers and problem-solvers. A teacher in this new programme is a guide, 
counsellor and facilitator with a diminished authoritarian role. The teachers' new 
roles include making suggestions and asking questions as the children carry out the 
activities. This requires teachers to pay more attention to the students' thinking skills 
and scientific skills, including science process skills and manipulative skills. 
Teachers are expected to provide children with relevant hands-on and minds-on 
activities. By comparison, the National Curriculum (1995) (NC) in England and 
Wales for science acknowledges the importance of both science processes (Sc. 1) and 
science knowledge (Sc. 24); pupils may be involved in practical science activities 
with regard to both elements of the curriculum. These are: 
Sc. 1: Experimental and Investigative Science 
Sc. 2: Life Processes and Living Things 
Sc. 3: Materials and Properties 
Sc. 4: Physical Processes 
Thus, a teacher's role in the NC for science is to develop children's ability to carry 
out investigations as specified by Sc. 1. Teachers need to identify learning outcomes 
clearly. Appropriate intervention strategies must be employed to help children 
achieve the desired outcomes. Teachers should also see themselves as a resource and 
feel free to impart certain knowledge and understanding to children, or to intervene 
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and ask children to clarify their ideas, explain procedures, etc. (Feasy 1993). There 
thus seem to be some significant similarities between the teachers' role in new 
KBSR science and in National Curriculum science. Both of these curricula highlight 
the need for teachers to emphasise activities and for children to be given more 
opportunity to investigate in the roles of experimenters, discoverers and problem- 
solvers. 
The new KBSR science programme also requires teachers to develop an approach 
through which children construct their learning meaningfully. This makes it clear 
that the curriculum is not primarily about learning content, but it is a programme in 
which children are given leaming tasks, materials and resources with which they 
interact with to construct their knowledge. This indicates that the approach to be 
taken by teachers is a constructivist one. To use such an approach (Scott, Dyson and 
Gater 1987, Haden 1992, Shapiro 1994, Duit and Treagust 1995, Cross and Peet 
1997) teachers must give priority to children's ideas. As Driver (1988) suggests, the 
key features which characterises this approach are: 
1) Leamers are not viewed as passive but are seen aspurposive and ultimately responsiblefor their 
own learning. Mey bring their prior conceptions to learning situations. 
2) Leaming is considered to involve an active process on the part of the leanier. It involves she 
construction of meaning and often takes placg through interpersonal negotiation. 
3) Knowledge is not 'out there'but ispersonally and socially constructed, its status is problematic. 
It may he evaluated hy the individuals in terms of the extent to which it : fIts'with their 
experiences and is coherent with other aspects of their linowledge. 
4) Teachers bring along their prior conceptions of learning situations not only in terms of their 
subject knowledge hut also their views of leaching and learning. These can influence their way of 
interacting in classroom 
5) Teaching is not the transmission of knowledge hut involves the organisation of the situations in 
the classroom and the design task in a way which promotes scientific learning 
6) 7he curriculum is riot that which is to be learned, hut a programme of learning tasks, materials 
and resourcesfrom which students construct their knowledge (p. 13 8) 
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Thus, teachers become enablers for this process. They should interact with children's 
questions, promote challenges and experiences, and also offer new ways of thinking. 
In this context, the teachers" role becomes that of-. 
" encouraging the pupils to share and eventually own the purpose of the lesson or activity 
" developing learning experiences that allow pupils to take responsibililyfor the design, process 
awJ outcomes of the investigation 
" valuing pupil's hAvlhesis and conclusion and generating dýscussion of the scientific description 
ofwhat has been fakingplace in the activity. (Watts 1991, p. 64) 
The constructivist approach (Driver and Bell 1986, Driver and Oldham 1986, 
Needham 1987, Scott 1987, Cheung and Taylor 1991, Fensham, Gunstone and 
White 1994, Hawkins 1994, I-land and Treagust 1994, Appleton and Asoko 1996, 
McGuigan and Russel 1997, Mwphy 1997, Appleton 1997, Watts 1998, Watts and 
Jofili 1998, Adam and Krockover 1999, Selley 1999, Leach and Scoff 2000) offers 
an insight that is enormously valuable; it emphasises that the learner, during the 
learning process, necessarily reconstructs knowledge. Learning therefore occurs 
when there is a change in the leamer's existing ideas, either by adding some new 
information or by reorganising what is already known (Driver and Oldham 1986, 
Driver and Bell 1986, Appleton 1997). We cannot teach a body of knowledge by 
direct transmission; the learner is always involved in reconstructing the meaning 
personally. The classroom activities suggested by the constructivists for eliciting, 
clarifying and reconstructing ideas become immensely valuable for the teacher who 
is monitoring and managing this reconstruction process (Millar 1989). Research 
done in Australia (Appleton 1997) on using a constructivist-based model for 
students' learning during science classes showed that when teachers focused on the 
learner and his/her responses, it helped the teachers to have pre-knowledge about 
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how students solve science problems during lessons. This helped teachers to use the 
appropriate teaching strategies. 
In LJK the SPACE (Science Processes and Concept Exploration) project was carried 
out to research primary children's ideas about science concepts. Its research phase, 
which revealed the nature and extent of different ideas, held by children across the 
whole range of concepts relevant at primary level. The methods for revealing 
children's ideas were of particular interest and encourage further research into 
children's ideas, much of it by teachers in their own classroom. The findings provide 
an account of idea children use to explain the scientific aspects of things around 
them and the way in which these ideas differ according to children's age and 
experience. They also reveal that the range of ideas is limited and shows marked 
similarities from one school to another (see SPACE research reports, 1990-1994). 
The Nuffield Primary Science programme is firmly based on the findings from 
SPACE project. The project helped teachers by giving descriptions of what they 
were likely to find out if they explored the ideas of their children. Trial materials 
were also developed to help teachers plan activities, which take children's ideas as a 
starting point in classroom work. These activities were designed to help children to 
develop or to change their ideas through exploration bringing them closer to the 
more powerful ideas of science. The SPACE project, in its publications for teachers 
(the Nuffield Primary Science Teachers' Handbook, 1993) has suggested a range of 
strategies, including open questioning, asking children to draw and annotate their 
drawings, encouraging children to write or talk about their ideas and listening to 
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what children have to say. It was evident that these strategies provide opportunities 
for children to develop ideas. 
'So. by deliberatelyfinding out the children's ideas, taking them seriously and choosing appropriate 
strategiesfor helping the chikbýen to test their ideas; the teacher moves chikk-en towards ideas which 
have wider application, fit evidence better, which are. in short, more scientific. Working in this way. 
chil&en do the chmVing. rather than simply accepting ideas which they are told better; and they are 
advancing their skills and ways of relating ideas to evidence' 
(Nuffield Primary Science Teacbers' Handbook, 1993 p. 3) 
Therefore the strategies for developing pupil's ideas is an important criteria in 
SPACE approach to science teaching - an approach in which children learn with 
understanding through the development of their own thinking. The constructivist 
view of teaching emphasises the importance in encouraging pupils to make their own 
ideas explicit and presenting the children with events, which challenge their ideas 
(Driver and Bell 1986). The SPACE project has showed that this has significance for 
teaching primary science. 
Basically the constructivist approach is that pupils learn to investigate, not by being 
told bow, but by trying out their own ideas. There has been evidence (see SPACE 
research reports 1990-1994) that pupils has existing ideas about scientific 
phenomena in the world around, even before they are exposed to related teacbing. 
These ideas make sense to them because they are based on everyday experience. 
However these ideas often conflict with scientific view. Thus, constructivist teaching 
is seen as helping pupils' learning which change pupils' own ideas into ones 
consistence with the scientific view. Therefore, in the context of Malaysian primary 
science the view of constructivist teaching is important for teachers to know how to 
design activities to help children develop or to change their ideas through 
exploration taking them closer to the correct scientific view. Cbildren develop ideas 
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they fully understand through their own thinking, therefore teachers must understand 
that they cannot do the thinking for the children nor can they obstruct the learning 
process by presenting the correct scientific view for children to learn. 
It is the major aim of primary science education in the Malaysian context to give 
children the ability to think critically and creatively. To do this, teachers need to 
provide them with the experiences that enable them to forni ideas that are 
meaningful to them and consistent with their experience. Therefore, in adopting such 
an approach, teachers particularly need knowledge and understanding of key ideas in 
science so that they can identify good starting points and know when children are 
closer to the scientific view or far away from it. Teachers must ensure that children 
encounter the experiences that will help them rethink their ideas. 
In order to develop Malaysian younger generations who will be better thinker and 
becomes the future generation who will be able to make sounds decisions they need 
to be trained to do their own thinking. This could be achieved if majority of teachers 
teaching primary children value interaction with pupils closely in order to provide a 
range of meaningful experiences for pupils and help pupils to explicate and elaborate 
their own prior knowledge. The constructivist approach supports teachers in helping 
pupils understand science concepts meaningfully, instead ofjust memorising facts. - 
As pupils have a personal experience of concepts taught from activities and 
interactions, they will develop a better understanding of the science involved. 
Therefore, teachers teaching science in the primary school must have an adequate 
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knowledge and understanding of this approach in order to carry it out in their 
respective classrooms. 
ZZ2 The objectives of the Malaysian primary science curriculum 
The objectives of the primary science curriculum, as stated in the official directives 
of the Malaysia Curriculum Development Centre (CDC) in 1993, are to give pupils 
an opportunity to: 
" develop thinking skills in order to increase their intellectual capability 
" develop scientific skills in an inquiring manner 
" increase pupils' interests in the environment 
" gain knowledge and understanding of scientific concepts and facts so helping them to 
understand themselves and their environment 
" be able to solve problems as well as make responsible decisions 
" cope with the latest contributions and innovations in science and technology 
" practice and internalise good moral values and scientific attitudes in everyday life 
" appreciate the contributions of science and technology to the weU being of mankind. 
" appreciate the orderliness of the universe. 
The aims of primary science education, as stated by the CDC (1993b), are: 
'to produce pupils with knowledge, skills and good morals; to develop a 
community with a scientific and fechnoftical backgroumt committed, dynamic 
andprogressive: and to be more responsible towards the environment and able to 
appreciate the creation of the universe. (p. 2) 
Within the framework of the stated aims and objectives outlined by the CDC, an 
analysis of the teaching and learning needs of primary pupils in science can be made. 
In developing pupils' thinking skills, teachers must understand that thinking is a 
process. This includes botb knowledge and understanding in Order to make an 
evaluation, make a decision or solve a problem. It involves interactions between 
knowledge, cognitive skills, attitudes and values. 
The Malaysian curriculum developers have suggested that primary teachers focus on 
critical and creative thinking. Teachers must be able to differentiate these thinking 
skills in order to be able to develop them in their pupils. According to the CDC 
(1993b), a critical thinking skill is the ability to evaluate an idea, whereas a creative 
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thinking skill is the ability to use various approaches to solve problems and to 
produce original ideas. In order to solve problems and make decisions, pupils should 
use these thinking skills. The teaching and learning of science in primary schools 
should be planned and structured so that it develops and enhances pupils thinking 
skills. 
According to Fisher (1990), creativity is something people use to make creative 
products. A creative idea or product is usually defined as being both original and 
appropriate. Creative products include works of art and scientific theories and also 
less tangible products such as inventive conversations and imaginative ideas. 
Creativity is also a collection of attitudes and abilities that lead a person to produce 
creative thoughts, ideas or images. On the other hand, learning to think critically 
means: i. learning how to question, when to question and what to question ii. 
learning how to reason, when to use reasoning and what reasoning method to use. 
Fisher (ibid. ) argues that a child can only think critically and reasonably to the extent 
that he is able, carefully, to examine experience, assess knowledge and ideas, and to 
weigh arguments before reaching a balanced judgement. He further suggests that 
being a critical thinker also consists of developing certain attitudes, such as a desire 
to reason, vvillingness to challenge and a passion for truth. He suggests that there is a 
relationship between creative and critical thinking: 
'Creative thinking is imaginative, inventive and involves the generation of new 
ideas. Every creative activity which seeks the solution to a problem requires the use 
of criticaIjudgement, for creative ideas should not simply be novel but be of value. 
Creativity is not merely a question ofgenerating new solutions to problems but 
creating better solutions. True creativity requires therefore the use of critical 
thinking. ' (p. 64) 
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However, the CDC has produced guidelines to show how creative and critical 
thinking skills should be integrated in the primary science curriculum (see Figure 1). 
The KBSR for science has produced a model for thinking skills as stated in module 
3, a module developed by CDC for teachers of science. In this module, teachers are 
given a brief explanation of how to use the skills, what they are used for and 
examples of their use in a science lesson. For example, in discussing the critical 
thinking skill 'compare and contrast', it is explained that the skill is used when there 
are two or more attributes or possibilities and when options or decisions have to be 
made. Four steps are involved: 
1. Observe one of two or more objects 
2. Identify one attribute of the object 
3. Determine whether the other object has the same attribute 
4. State whether the attribute is similar or different 
Example: Observe two leaves from different plants. Find their similarities and differences from both 
leaves. It is also suggested that teachers use a venn diagram to show the differences and sinfilarities. 
(CDC, 1994c) 
The KBSR primary science curriculum also states that the science process skills are 
mental processes that encourage pupils to find solutions to a problem and to make 
decisions systematically. Therefore, there is a strong relationship between thinking 
skills and science process skills, and the mastery of the latter should enhance the 
former. 
In the primary science curriculum an emphasis is put on the mastery of science 
process skills. It is stated in module 2, developed by the CDC (1994b), that science 
process skills will involve the pupils in many activities and that will motivate them 
and increase their interest in science learning. The science process skills that are to 
be taught to primary school children are: observing, classifying, measuring and using 
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numbers, inferring, predicting, communicating, using space/time relationships, 
interpreting data, defining operationally, controlling variables, hypotbesising and 
experimenting 
I Thinking skills I 
Critical thiýing 
making attribute 
compare and contrast 
collect and classify 
making a sequence 
arrange according to priority 
analysing 
evaluate 
making conclusion 
Creative thinking 
generate ideas 
making inference 
interrelating 
predict 
making hypotheses 
generalising 
making analogy 
making mental pictures 
design 
Solving problem 
MaIdng decision 
I 
Figure 1-Thinking skills model for KBSR science 
(Source: Module 3 of the PuLSaR developed by CDC 1994c, p. 4) 
These skills are briefly explained in module 2, developed by the CDC: 
Observing - Involves the use of sight, hearing, smell, taste and touch to gather information 
about objects andphenomenon. Sometimes observations also use quantitative measurement. It is 
not a process that can be done separately. It is apart of an investigation process that has aims. 
Even though it looks simple. to observe scientifically is a complex process Concept Anowledge 
cannot be separatedfrom the scientific observation process because it guides selection and 
interpretation of the observatiom Ae object orphenomenon observed should be an attribute that 
can he observed directly and notfrom past experience& 
Classifyingý Observe and identify similarities and differences between objecis orphenomena 
andgather them based on simila, attributes 
Measuring and using numbers-Making observation quantitatively using standard unit tooh 
Measurement is making the observation becomes accurate. Ability using numbers is important to 
master the measuring skill. 
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" Making Inference -An inference Is making a pre-conclusion to explain events or objects based 
on observations. Uktally past experiences are used as a base or guide to make the pre- 
conclusiom 7his pre-conclusion might be right or wrong. 
" Prediction -Prediction is a process to determine and anticipatefuture events based on 
observations andpast experiences or reliable data 
" Communication -Present ideas in a variousforms such as speech, writing. graphs, diagrams, 
models or tables. It also includes the skill of listening to other people's ideas and reacting to 
them. 
" Using space and time relationships -A process that explains or shows the location, direction. 
form and size of an object wid its changes according to time. 
" Interpreting information - 7his is a process that gives a rational explanation of objects. events. 
or patternsfirom the accumulated information. The information or data gathered areftom a 
variety offormats 
" Define operationally - 7his is giving a definition of a concept by sialing things to do and 
observe. However, sometimes it Is only an explanation. 
" Controlling variable -In an investigation or a situation; there are a number offaciors or 
variables that might influence the result of the investigation. 7herefore, before an investigation is 
carried out. it is necessmy to determine the relevant variablesfor the investigation To lookfor 
the relation between two variables, one of them (manipulated4dependent variable) is varied to 
produce change in the second variable (responded varlablel hukpendenl). Other variables have 
to be standardised (controlled variables). 
" Making hypotheses - 7his is a skill to make a general statement that is believed to be true in 
explaining an event or a phenomenon. However, the statement has to be tested to prove its 
validity. A slatementfrom hypotheses isformedfrom questions emergingfton; the observation of 
situations. 
" Erperimenting - 7his is an investigation to test a h)polhesis. 7he experimentingprocess 
includes all the processes mentioned above. 7he sequence of activities involved are: 
1. make observations 
2. formulate questions and make inferences 
3. form hypotheses to be tested 
4. control varlables/define operationally 
J. determine instruments to be used hi the experiment 
6. cat7y out experiment, observe and record data 
7. analyse and interpret data observation 
8. *aw a conclusion 
9. report the experiment's results 
By comparison, the National Curriculum in England and Wales for science in Sc. I 
for KS I and 2 (experimental and investigative science) has three components: 
1. Planning experimental work 
2. Obtaining evidence 
3. Considering evidence 
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In planning experimental work, children should be taught to turn ideas suggested to 
them, and their own ideas, into a fonn that can be investigated. They should also be 
taught that thinking about what is expected to happen can be useful when planning 
what to do, and to recognise when a test or comparison is unfair. In the second 
component, obtaining evidence, children should be taught to explore the use of 
appropriate senses, to make observations and measurements, and to make a record of 
observations and measurements. In the third component, considering evidence, 
pupils should be taught to communicate what happened during their work, to use 
drawings, tables and bar charts to present results, to use results to draw conclusions, 
to indicate whether the evidence collected supports any predictions made, and to try 
to explain what they found out drawing on their knowledge and understanding (DfE 
1995). 
Both curricula exhibit similarities in determining the science process skills to be 
acquired by children at primary level. However, the approaches are different. The 
fact is that science process skills are important elements in science education. When 
learners use existing ideas to attempt to make sense of new experiences and when 
their ideas change as a consequence, the outcome - the learning - depends on the way 
in which they process infonnation, and how they select, gather and use it (Harlen 
1993b). This shows that science process skills involve mental and physical skills that 
need to be mastered by children in order for learning to take place. 
Another element that is specified in the KBSR is manipulative skills. These skills 
enable students to use and handle, store and clean scientific equipment and 
substances properly and safely, handle living and non-living specimens correctly and , 
carefully, and sketch specimens, materials and equipment accurately. This element 
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can be seen in the National Curriculum in England and Wales for science under the 
Programme of Study component 'health and safety'. This states that pupils should be 
given opportunities to recognise hazards and risks when working with living things 
and materials, and to follow simple instructions to control the risk. 
In KBSR science, teachers are also required to inculcate positive attitudes and values 
among the pupils. Those that have been identified include: 
show interest and curiosity towards their surroundings, honesty and accuracy in recording and 
validating data 
showflexibility and open-mindedness, perseverance in all tasks initiated 
be systematic and con . 
fident 
be co-operative. having responsibifilyfor the safety of themselves and others 
careforfellow humans wid the environment 
appreciate the contributions of science and lechnoloV 
be ihankfid to Godfor whatever blessings are given 
appreciate andpractise a healthy and clean life soe 
he aware that science is one of the ways to understand the universe (CDC, 1993b) 
As can be seen from an analysis of the objectives of the primary science cUrriculum, 
the CDC has explained only a few of the nine objectives and how they can be 
achieved. Moreover, a few objectives seem to be ambiguous and teachers might have 
problems in understanding and implementing them. For example, the objectives on 
4coping with the latest contributions and innovations in science and technology', 
'appreciating the contributions of science and technology for the well being of 
mankind', and 'appreciating the orderliness of the universe' are not explained. 
Teachers do not always understand how they are to achieve these objectives in their 
teaching, with the result that the stated objectives of the CDC might not match the 
objectives achieved by teachers in their classrooms. 
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ZZ3 Teachers'preliminag views on the objectives of the primary science 
curriculum 
Informal interviews with ten primary teachers in northern region in Malaysia were 
conducted in April 1998 to gain teachers' global views and understanding towards 
the primary science curriculum. A variety of responses emerged to the objectives of 
primary science education. Different teachers expressed different thoughts and views 
on these objectives. 
Most teachers mentioned knowledge or the subject content of science as the main 
objective followed by 'giving pupils practical experience'. This implies that teachers 
attach a priority to imparting science concepts to the pupils as the main objective of 
the science curriculum. 
A few teachers also mentioned the importance of developing an interest in science 
among the pupils so that they will pursue science in their secondary education and 
help the nation to achieve the "vision 2020". This implies that some teachers do 
have the aspiration that some of their pupils will eventually become scientists. 
Other teachers said that an objective of the science curriculum is to develop science 
process skills among the pupils so that they will be able to apply these skills in their 
everyday lives. But when asked about these science process skills, some teachers 
also said that they themselves had difficulty in relating those skills to the pupils. This 
implies that teachers need help in developing their own scientific skills so that they 
can teach the same skills more effectively. 
Another objective mentioned by a few teachers is 'to expose pupils to their 
environment, to help pupils communicate and to instil positive values in pupils'. 
When asked how they expose their pupils to their efivironment, teachers gave 
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examples of topics in the 'Living World' where pupils conduct a range of 
experiments with living things such as mini-beast, plants etc. In this way pupils are 
engaged in their environment, and teachers said that during this activity pupils are 
involved in much discussion, which helps to instil scientific values and to enhance 
pupils' interests and curiosity towards their surroundings. 
These informal interviews with teachers showed that they attach importance to 
science content, but no teacher listed thinking skills as the one of the objectives of 
the primary science curriculum, as required by the curriculum policy. Whenever 
teachers were asked about primary science education objectives, they seemed to 
hesitate and were unsure of their answers. Indeed, they seemed to be shocked by the 
question. This implies that teachers do not attach priority and importance to the 
objectives of science education. Comparing teachers" responses with the stated 
objectives in the mandated curriculum, it is clear that teachers' views on the 
objectives are based on, and are defined by, their own experiences in their 
classrooms. 
The objectives mentioned by teachers are not global but reflect their individual 
teaching conditions. That is why every teacher only mentioned two or three 
objectives instead of the nine stated in the syllabus written by the CDC. This 
suggests teachers do not actually implement the innovation as required by the CDC. 
Olson (19 82) stated that what teachers do with an innovation can be interpreted as an 
accommodation between the various demands of the innovative doctrine of the 
teachers' work and the preferred solutions teachers have already adopted to cope 
with the demands of their work. 
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The informal interviews conducted with the teachers helped the researcher to 
develop some focused questions. The variety of responses from the teachers on how 
they view the objectives of primary science education raises doubts about the 
effectiveness of in-service courses and the curriculum guides provided by the CDC. 
It also shows how teachers' "professional craft knowledge" is used to help 
implement a new curriculum. 
When the objectives of primary science, gained from these informal interviews, are 
considered, it seems that the teachers view the objectives according to their own 
experiences. Therefore, this raises questions regarding the effectiveness of the 
curriculum and the implementation of the curriculum at school level. Ilere are nine 
stated objectives for the primary science curriculum-, therefore, it is the intention of 
this study to find out how teachers view these objectives. Which of the objectives do 
they feel arc the most important in teaching primary science and why, in relation to 
the pupils in their school? What are their views on the objectives as stated by the 
innovator or curriculum developer? On the basis of the teachers' views, it should be 
possible to relate the teachers' understanding of the curriculum objectives to the 
implemented objectives, because what is usually understood will influence actions. 
This will show whether the intended curriculum is realised in the classroom. This 
will be explored through the teachers' pedagogical content knowledge. 
The informal interviews only touched on the understanding of the objectives of the 
primary science curriculum, and teachers seemed to have a variety of views and 
responses towards these objectives, probably due to them having their own 
perspectives based on different career levels and experiences. Hence, each teacher 
will have different beliefs and implicit theories about primary science objectives. 
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However, when talking to teachers, even though the infonnal interviews were about 
the objectives, some teachers brought up the problems of implementing the 
curriculum. For example, some were not very sure of the process skills involved in 
teaching primary science. Therefore, it is also important to explore the problems that 
the teachers might encounter during the implementation of the curriculum. 
To summarise, this study seeks to find out and understand teachers' thoughts about 
their work, and through this analysis to understand more fully teachers' actions in 
the classroom. This should help clarify the implementation of the innovations in the 
primary science curriculum and determine whether the intended curriculum is, in 
fact, implemented in school. 
ZZ4 The objectives of the Malaysian primary science curriculum -a personal 
view 
As a teacher trainer for the primary science education in teachers' college in 
Malaysia, I have been through the implementation of this new curriculum. The 
experience of teaching the curriculum can be considered as 'the trainer as a leamer' 
since we are also implementing the curriculum as mandated. However, the 
experience gained helped give an insight and new perspective in understanding the 
curriculum through seminars and involvement with other related education 
department. 
I believe the objectives of the Malaysian primary science curriculum for developing 
pupils studying science primary schools to be three fold. They are concerned with 
doing science, science applications and values in science. 
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'Doing Science' involves pupils being helped to understand science by being 
engaged in doing. In this way, they will learn the main science concepts formerly 
taught in an abstract manner. When engaged in 'doing science' pupils will use their 
scientific skills, and this will enhance their competence and will also increase their 
thinking skills. Science concepts and skills are related and must not be taught in 
isolation. They will ultimately help pupils cope with problems encountered in their 
everyday lives. Through activity, pupils will be able to develop an understanding of 
what is involved in 'doing science'. This will encourage them to learn science 
through what is termed 'hands-on' and 'minds-on' activities, which are based on the 
process of inquiry learning. The activities will increase motivation by stimulating 
curiosity and will aid the development of pupils at the concrete stage of cognitive 
development. The need to understand science, with its implication for developing 
powers of explanation and of practical capability, is of direct significance for future 
specialists. This is one of the nation's main aspirations in the 'vision 2020' to 
produce a 'scientific generation'. 
The second aim is for pupils to know about the applications of science, including the 
contribution of technology towards life. It is important for pupils to have an 
awareness and appreciation of technology as part of their lives in the modem world. 
Technology, as an applied science, has now become established in many countries. 
Therefore, teachers should be able to provide their pupils with knowledge related to 
technology. For example, in classroom settings the computer is becoming a 
significant aid in the teaching and learning processes. Hence teachers should be 
literate in ICT (Information and Communication Technology) as models for their 
pupils in the appreciation of technology. 
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The third aim is to develop values in pupils. The scientific values that teachers can 
instil in their pupils include being 
8) interested and satisfying pupil curiosity in the environment 
b) honest and accurate in recording and verifying data 
C) flexible and open minded, able to accept challenge 
d) systematic and confident 
C) co-opcrative and responsible for the safety of others, the environment and himself 
f) caring 
g) appreciative of the contribution of science and technology 
h) appreciative of God's gift 
i) appreciative of, and able to practice a healthy and hygienic way of life 
j) aware that science is one of the ways to understand the universe (CDC, 1993b) 
However, the attitudes that teachers should emphasise more are those which have 
particular relevance to science. These include: curiosity, respect for evidence, open- 
mindedness, flexibility, critical reflection, and sensitivity to living things and to 
environment. Scientific attitudes should be instilled as early as possible so that the 
developing generation will become trustworthy and responsible scientists, engineers, 
doctors, etc. 
The objectives of primary science education in Malaysia can be summarised as: 
equipping children with the scientific knowledge they need to interpret and make 
sense of everyday experiences, with positive attitudes towards science, and with 
scientific literacy and scientific skills. Scientific skills can be developed through 
various modes of enquiry, and in particular this will enhance pupils' thinking skills 
as an essential cognitive toolkit for modem life The last, but not least, objective is to 
produce scientists and technicians that are essential for the economic vitality of the 
nation. 
The objectives of the Malaysian primary science curriculum are appropriate for 
school science education provided the teachers themselves understand these 
objectives. By understanding and intemalising the objectives, the teachers will be 
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able to implement the curriculum as intended by the curriculum innovators. As 
mentioned above, the curriculum objectives can be looked at from three different 
perspectives: doing science, science applications and values in science. Doing 
science will have the greatest effect on the learner and will help to produce the 
scientific generation needed by the nation. This is the main component of the present 
research - the impact of the teachers' understanding and thinking on the 
implementation of the curriculum. We wish to argue that if teachers understand and 
are able to internalise the objectives of the primary science curriculum, they will be 
able to teach science effectively. Thus, we seek to identify teachers' beliefs, values 
and attitudes towards primary science education, since these components are central 
to the process of curriculum implementation. Teachers use their beliefs (their 
preconceptions and implicit theories) to make decisions and guide their behaviour. 
Therefore, this will largely determine whether, the curriculum innovation is 
implemented or not. 
As for 'doing science', we relate this to the perceptions teachers hold on how 
children learn science, how they recognise the value of children's ideas, the process 
skills used in science and the thinking skills that the children should be developing. 
Therefore, this study stressed the importance of exploring Malaysian primary 
teachers' knowledge which includes their subject content knowledge (competency in 
the subject matter), their science pedagogical knowledge - especially their 
knowledge on inquiry teaching and their understanding and perceptions of the 
constructivist approach. Their knowledge about learners in the science classroom 
will also be explored so as to understand their thinking of learner characteristics in a 
science lesson. This inevitably affects the awareness of the application of science 
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being developed by the pupils. Therefore, we include an analysis of teachers' 
understanding of their pupils' characteristics in a science class as well as the values 
and scientific attitudes held by the pupils. The study is based on the belief that, 
through examining teachers' knowledge in primary science education, the 
implementation of curriculum innovation can be better understood. 
We also intend to consider the problems or barriers the teachers themselves face in 
implementing the curriculum. In Malaysia, when an innovation is to be 
implemented, teachers attended courses supervised by the district education 
department and conducted by key personnel (who are themselves teachers but are 
selected by the district education office according to certain criteria). Courses are 
taught mainly through lectures; therefore teachers only receive the information and 
are than expected to implement the curriculum as mandated. Afterwards the teachers 
themselves disseminate the knowledge to their colleagues teaching science in school, 
and this is done in an informal way. This raises questions about the effectiveness of 
science teaching, even by experienced teachers. 
2.3 The Present Study 
The Malaysian primary science curriculum was hurriedly implemented in December 
1994 (as discussed in 1.3). Many curriculum innovations seem to be unsuccessful, 
and there are many contributing factors towards this outcome (see, for example: 
Morris 1985, Prophet and Rowell 1993, Saez and Carretero 1998, Tabulawa 1998). 
In the Malaysian context, several authors have reported on curriculum innovations. 
They generally reveal that the curriculum innovations have been unsuccessful. For 
example, Noor Azmi (1988) found that in-service courses for teachers to help 
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implement innovation have only a surface impact, and, he argues, it is teachers' 
sense of professionalism that determines if they are willing to change their attitudes. 
Sharifah Maimunah and Lewin (199 1) argue that there is a gap between the planners 
and developers and the teachers a's implementers of change. They suggest that the 
developers are high-level professionals who are highly motivated, above-average 
teachers compared with primary teachers, who have a low level of professional 
development and commitment. This implies that it is the teachers' responsibility to 
ensure that an innovation is successful. Blenkin el al. (1992) write that: 
47he current policy of creating and establishing a National Curriculumfor England and 
Wales is predicated on a deficit view of the leaching profession. 771e implementation of that 
policy is conceived, planned and carried out by instruction and dictation to teachers - much 
of i1from non-professional sources. It cannot he seen as a policy which will raise teachers' 
view of themselves, either individually or collectively, despite the rhetoria And it is difficult 
to understand how anyane can reasonably expect to bring about improvement in a system hy 
a process of down grading, demoralising or deskilling its practitioners. '(p. 103) 
This is similar to the situation in Malaysia, where the policy has always been 
planned at a central level to be implemented by teachers at the periphery, 
corresponding to the centre-periphery model of innovation. Teachers are expected to 
implement the curriculum as instructed and mandated. Fullan (1993) argues that 
mandated educational policies are not sufficient for teachers, and educational 
mandates mean only that educational goals will have less impact in an innovation. 
He suggests that the creation of the conditions for people to have a personal, and 
shared vision and for skill development through practice would have a positive 
impact on innovation. Malaysia's curriculum policy is a mandated policy and 
teachers have to implement it once it is publishecL This is the case with the primary 
science curriculum. 
Problems that arise during innovation are often linked to the teachers as well as the 
implementers. It is teachers who will play an important role in making decisions 
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about the curriculum, teaching and learning. Therefore teachers have autonomy to 
make decisions in the classroom. They are the most important change agents in 
implementing an innovation. Many studies have found that innovations were not 
implemented successfully by teachers (see for example; Morris 1985, Prophet and 
Rowell 1993, Saez and Carretero 1998, Tabulawa 1998). The implication is that 
teachers themselves are barriers to innovation. Does this mean that teachers do not 
use the autonomy that they have? Brown and McIntyre (cited in Olson, 1982) state 
that teachers value autonomy but want personal support when trying new ideas 
which tend to conflict with, and create dilemmas in, their practice. The dilemmas 
that teachers have to cope with arise when the new innovation upsets their 
comfortable and stable methods of teaching and their pupils' learning environment. 
This phenomenon suggests that there is a discrepancy between the intended and 
implemented curriculum in the classroom. This thesis aims to determine the fate of 
Malaysia"s new primary science curriculum and its implementation in scbools. In 
Malaysia, generally, the intended curriculum is the curriculum proposed by the 
curriculum developer or innovators without reference to the practicalities of the 
classroom. Brown and McIntyre (1993) argue that teachers realise that proposed 
innovation usually takes little account of familiar and comfortable classroom 
practices that must be changed. For some reason, certain innovations are practical, 
while others are not. 
The quality of primary science education will depend above all on the teachers' 
content knowledge, practical knowledge and skills. According to Bisbop and Denly 
(1997), 
'Pedagogical content knowledge is a useful concept that all science teachers need 
It involves knowledge about the kinds of misconception and alternative ideas that 
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pupils bring with them to science lessons, ý ahout the range of strategies and 
activities which can he employed to identify and remedy them; and the relationship 
between procedural and conceptual understanding'. (p. 3 8) 
Bishop and DerAy adapt Calderhead's (1987) pedagogical content knowledge for 
science teachers into six components: 
" knowledge of the curriculum 
" knowledge of learners , 
" knowledge of educational aims 
knowledge of general pedagogy 
knowledge of other content 
knowledge of the subject matter 
The integration of these components of knowledge should help enormously in the 
teaching and learning of science. This knowledge is very important for effective 
teaching; it is a teacher's professional knowledge, which can only be acquired 
through experience and motivation over time. 
Therefore teachers need help in acquiring this knowledge and this could be given 
through in-service education and training (INSET). As discussed in Chapter I 
(section 1.9) the short in-service courses given to teachers has shown ineffective for 
teachers to implement the ctirriculum. This is reported by the Inspectorate of 
Schools, Malaysian Ministry of Education. This suggests that the INSET particularly 
for primary science education need to use different strategies from the previous one. 
There was no classroom support given to teachers from the INSET thus, teachers 
implement the curriculum as how they understand it. Harvey (1999) proposes a 
synthesis model for the phasing of science INSET after experiencing implementing 
and evaluating Primary Science Programme INSET in Madadeni in South Africa. 
One of his recommendations is 'consideration of phasing the pedagogical process of 
77 
professional learning will be separate from consideration of the goals of INSET that 
are appropriate to each stages of development'. This phasing model, include: 
* the security phase (first year - focusing on subject knowledge- workshops, 
classroom supports and committee activities), 
a the methods phase (second year - focusing on internalising new generalisable 
teaching methods- workshops, classroom supports and committee activities), 
* the aims phase (third year - teachers assume greater control over the aims of the 
project- worksbops, classroom supports and committee activities). 
The recommendation indicate that for an INSET to be effective it has to be long 
term and has to use a gradual approach for the development of the process of 
professional leaming. Harvey (1999) stresses that the sequence proposed is ideal 
thus monitoring progress and judging the timing of progression from one phase to 
the next is for the implementers and the teachers to judge together. However, it can 
be seen that the model emphasises the classroom support to be phase for the teachers 
to develop their pedagogical process of professional learning. 
Therefore the CDC in Malaysia might want to design an INSET for primary science 
teachers that emphasise classroom support in ensuring implementation of new 
methods. If supports are given while teachers are practising the new skills on the job 
it would be more effective for teachers' understanding of the practice of new 
teaching methods as Harvey (1999) suggests could be develop in the methods phase. 
Z3.1 Teachers'selection of content 
In order to understand how teachers select the content of the primary science 
curriculum, there are a number of aspects that need to be discussed. Schmidt et al. 
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(1987) argue that even if there is a District or State specification of content, teachers 
may still consciously or overtly choose content different from that specification, or 
interpret the policy so as to be consistent with their own content choices. This is, 
however, misleading in the context of Malaysian primary schools because it is the 
practice in Malaysia for teachers to follow closely the specified content set by the 
CDC because they are afraid of being accused or blamed for not covering the 
syllabus as directed. It is the intention of this study to investigate teachers' 
curriculum decisions concerning the content specified by CDC. Therefore, to 
understand teachers' curriculum decisions, we must examine the factors that the 
teachers themselves take into consideration. These include a teacher's own beliefs 
about the subject matter, previous educational influences and the characteristics of 
the pupils. All of these can be grouped as teachers' professional craft knowledge, 
teachers' personal knowledge and teachers' practical knowledge. 
Shulman (19 86) proposes that effective teachers have three kinds of knowledge: 
knowledge about the subject matter they are teaching (subject matter), knowledge of 
general instructional strategies (pedagogical knowledge), and knowledge of specific 
strategies for teaching particular subjects (pedagogical content knowledge). The 
most important of these is the pedagogical content knowledge that will enable 
teachers to relate, and make connections between, the knowledge of pedagogy and 
the knowledge of content - their professional understanding. Shulman (1986) states 
that when teachers make decisions about their teaching and the content of their 
courses, they have to use many types of knowledge. This includes the content 
knowledge of a subject i. e. an understanding of the facts and concepts of a certain 
domain and also a grasp of the structures of the subject matter. With this knowledge, 
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teachers not only understand that something is so; but they also understand why it is 
so (Shulman 1986). 
Shulman (1987) further suggests that there are seven categories of the knowledge 
base of teachers: 
" content knowledge 
" general pedagogical knowledge, with special reference to those broad principles and strategies of 
classroom management and organisation that appear to transcend subject matter 
" curriculum knowledge, with a particular grasp of the materials and programmes that serves as 
'tools of the trade' for the teachers 
" pedagogical content knowledge, that special amalgam of content and pedagogy that is uniquely the 
province of teachers, their own special form of professional understanding 
" knowledge of learners and their characteristics 
" knowledge of educational contexts, ranging from the workings of the group or classroom, the 
governance and financing of school districts, to the character of communities and cultures and 
" knowledge of educational ends, purposes and values and their philosophical and historical 
grounding 
(P-8) 
It can be seen that Shulman (19 87) lists teachers' content knowledge as a first 
priority in teachers knowledge base. This implies that teachers' knowledge of subject 
matter affects both the content and process of instruction. It influences both what 
teachers teach and how they teach it (Grossman et aL 1989) Therefore, this study 
seeks to explore teachers' pedagogical knowledge through their content knowledge 
and their science pedagogical knowledge. 
2.3.2 leachers'selection of teaching methods 
Shulman (1986) proposes that to be effective, teachers must have three kinds of 
knowledge: knowledge about the subject matter they are teaching, i. e. the content 
knowledge; knowledge of general instructional strategies, i. e. the pedagogical 
knowledge; and knowledge of specific strategies for teaching a certain subject, i. e. 
the pedagogical content knowledge. The emphasis is put on the pedagogical content 
knowledge, since that this knowledge enables practising teachers to make 
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connections between their knowledge of pedagogy and their knowledge of content. 
This connection is critical for teaching effectiveness. Thus, teachers must have a 
strong knowledge base and personal understanding of the subject matter in order to 
transfer knowledge to their students. In doing so, teachers must be adept in ways of 
transforming the subiect matter so as to enhance its development in the minds of 
their pupils. 
This is vitally important in the Malaysian context of primary school science. As 
mentioned earlier, a majority of the teachers presently teaching science in the 
primary school attended the five-day orientation course of the new syllabus and they 
then implemented the curriculum, as mandated, in their schools. With the limited 
knowledge pined in through short-term exposure to the new curriculum, we must 
question the effectiveness of teachers of science. Wilson, Shulman and Ritchert 
(1987) argue that teachers must understand not only certain concepts but also the 
ways of representing these concepts to the students in order to enhance learning. 
This reflects the importance of the pedagogical knowledge teachers should have in 
order to represent their ideas to the students and to choose appropriate teaching 
strategies. Teachers' pedagogical knowledge will determine whether the activities 
pupils carry out are interesting and can motivate them to continue studying science 
in the future. Thus, in the Malaysian context, it is the teachers' responsibility to be 
aware of this and to develop their professional expertise with this in mind. 
In Malaysia, the primary science curriculum emphasises that teachers should use a 
constructivist and guided inquiry approaches when representing the science concepts 
to their pupils. 
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The curriculum developers also specified the teaching strategies that can be used by 
Malaysian primary teachers. The suggested strategies are: experiment, discussion, 
simulation and project. However, it is also stated that teachers should consider all 
approaches to the curriculum. This includes activity-based learning, which integrates 
knowledge acquisition with skill mastery, as well as the inculcation of moral values 
and scientific attitudes. Teachers arc reminded to advocate experiential learning 
with, an emphasis on an inquiry approach. This means that, generally, the children 
will be questioning, searching for information, and investigating. 
Wilson, Shulman, Ritchert (1987) observe: 
'In addition to generalpedagogical and subject matterknowledge our model 
includes pedagogical content knowledge. Ais knowledge includes an 
understanding of what it means to leach a particular topic as well as knowledge of 
the principles and techniques required to do so. Framed by a conceptualisation of 
subject matterfor teaching, teachers hold knowledge about how to leach the 
subject. how learners learn the subject (what are subject-specific difficulties in 
learning, what are the developmental capabilities of studentsfor acquiring 
particular concepts, what are common misconception), how curricular materials 
are organised in the subject area, and how particular topics are best included in 
the curriculum. '(p. 118) 
Therefore, in order to implement curriculum innovation, it is important for the 
Malaysian primary school teachers of science to have appropriate pedagogical 
content knowledge if they are to teach the subject effectively. This includes knowing 
how to select the best teaching method for their pupils' various abilities and bow to 
use the curriculum material effectively. Hence, by using this model, this study on the 
implementation of the primary science curriculum in Malaysian schools will 
examine teachers' pedagogical content knowledge. 
By using Shulman's pedagogical content knowledge framework, we seek to analyse 
the Malaysian primary school teachers' thinking on implementing the primary 
science curriculum. McEwan (cited in Grossman et al., 1989) suggests that in order 
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for teachers to construct a sound pedagogical knowledge interpretation, they must 
possess accurate knowledge of their students and beliefs about the subject. These 
beliefs include student preconceptions and misconceptions as well as students' prior 
knowledge and experience of a sub ect. This implies that teachers' selection of j 
teaching methods is related to their pedagogical content knowledge, including their 
beliefs about the subject and also the students' characteristics. This will be discussed 
in the following section. 
Z3.3 Pupils'scientiric development 
A teacher's view of how learning take place in science lessons will influence the 
teaching and learning processes in her/his class. This view will detennine, his/her 
role in science lessons and the role the pupil is expected to take, the experience and 
material he/she will provide andwhat strategies or activities are to be used. 
Therefore, it is important for teachers to understand how children learn science in 
order to promote effective science learning among their pupils. 
Children first learn science when they form a meaningful understanding of the input 
they receive through their senses. Meaningful leaming occurs when pupils' prior 
knowledge interrelates with sensory input. In other words, the existing ideas are used 
to explain the new experience (Harlen 1992,1993a, 1996). Children should not be 
treated as 'tabula rasa'; their understanding of what they see and hear will be based 
on their existing or prior knowledge. This knowledge will influence the development 
of their new ideas. According to Fensham (cited in Gilbert et al., 1982), the 'tabula 
_ rasa' 
approach assumes that the learner has no knowledge of a topic before being 
formally taught it. The assumption is that the learner's 'blank mind' can be filled 
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with teacher's science. According to the alternative view of how pupils learn 
science, teachers should plan their teaching in such a way that the pupils are given a 
continuous sensory input so that meaningful learning vvill occur. They can do this by 
providing opportunities for pupils to use science process skills and manipulative 
skills during activity-based leaming, which empbasises 'minds-on' and 'hands-on' 
involvement. For example, in fieldwork for the topic on living things, children are to 
classify plants according to their characteristics. The 'hands-on' activity requires 
children to observe the physical characteristic of a few small plants, to draw and 
measure the plants' size, and to investigate leaves, stems, roots, flowers and fruits. 
They can also be encouraged to make comparison between the plants. The 'minds- 
on' activity is where the children are given different types of leaves and they are 
asked to discuss in a group the characteristics they will use to make a classification 
on the leaves. Thus, by providing 'hands-on' and 'minds-on' activities, children's 
learning outcomes are meaningful. Teachers should be aware that meaningful 
learning will not occur if input is only didactic. 
Pupils' science development is based on children having existing ideas, perceptions 
and beliefs arising from their previous learning experiences, and these existing ideas 
are strong and resistant to change (Driver and Oldham 1986). Thus, if teachers only 
talk about the scientists' view of science concepts, children's existing ideas will be 
resistant to change. With this in mind, teachers should plan pupil-centred activities 
to encourage active discussion among children in order to elicit their ideas. They 
should use an effective questioning technique (Harlen 1993b) in order to encourage 
children to speak of their ideas and so develop their critical and creative thinking 
skills (Fisher 1990). When children communicate and take an active part in learning, 
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they can generate and explain their own ideas, challenge these ideas and those of 
their peers and above all they can develop a strong understanding of science 
concepts. McGuigan and Schilling (1997) state that the view of the learner as being 
actively involved in the learning process has major implications for the teachers' 
role. Teachers need to consider how children's ideas might best be elicited in a 
classroom context and how they might appropriately respond to children's ideas as 
they emerge. This will test the teacher's knowledge of the nature of the pupils' 
progress within different areas of understanding in science, and will confinn the 
importance of the understanding of the subject matter (content knowledge). 
The last perspective is that of children's leaming styles. Children learn in various 
ways depending on their needs and interests. They have different learning styles 
because each has different perceptions, and so they respond in different ways. Some 
children can learn individually whereas others learn best in a group. Some children 
think convergently while others think divergently. For example, pupils who think 
convergently can only fully understand science concepts when teachers give them 
activities organised in series so that through these activities the ideas or concepts 
will be focussed and thus understood. On the other hand, pupils who think 
divergently can understand science concepts extensively because this type of thinker 
can use a critical, analytical and rational approach to develop an understanding from 
one science concept to another, and they can deduce relationships between two or 
more concepts. 
These views will require teachers to use various teaching strategies and approaches 
to cater for the diverse needs and styles of learning among the children. In addition, 
this will increase interest in science learning. Teachers have to equip themselves 
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with a variety of teaching and learning strategies. Some of the characteristics that 
teachers should have in mind when planning their science lessons are as follows: 
" flexible classroom organisations, 
"a variety of teaching and learning methods 
" opportunities for children to plan and implement their own learning activities 
" child-centred learning 
" opportunities for children to reflect 
" evaluate and share their learning experiences 
" leaning in small groups 
Teachers can use these as guides in planning their lessons, so that children will have 
a strong foundation and positive development in science. These perceptions of 
children's learning development in science will guide teachers in managing the 
learning and teaching processes vvithin the primary science curriculum. 
2.4 Teachers' Perceptions of Barriers to Implementation of Curriculum 
Innovation 
Marsh (199 1) states that the questions that teachers often think of when faced with 
the prospect of implementing a new curriculum are: "how do I do it? ". "will I ever 
get it to work smoothly? ", "to whom can I turn to get assistance? ", "am I doing what 
is required? ", " will I cover the syllabus? ", "what is the effect on the learner? ", "will 
the students pass the relevant examination? ". As these questions are formulated in 
teachers" minds, teachers will have to make decisions about whether and how an 
innovation is implemented. Teachers will consider many factors before making any 
decision. 
Doyle and Ponder (1977) argue that teachers assess an innovation from the 
viewpoint of 'pragmatic scepticism', which gives priority and primary concern to 
the practicality of the innovation. Teachers assess whether an innovation is practical 
with reference to three criteria - instrumentality, congruence and cost. Is the 
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innovation instrumental in terms of classroom contingencies? Is it congruent with 
prevailing conditions? What are the costs involved in using the innovation? 
Therefore, for the innovation to be implemented successfully, the teachers' decision 
is crucial. The practicality of the innovation and the preparedness of the teachers are 
the main concerns in the implementation of an innovation. Hence, whatever teachers 
perceive to be barriers to the implementation of an innovation will influence their 
decision. 
However, the concern of this study is the analysis of the factors which teachers 
perceive as having an influence on them when implementing the curriculum. The 
factors that will be analysed in the context of this innovation are the teachers 
themselves. That is, we need to consider what are their reactions towards the 
curriculum, the resources that are required or provided for the innovation, their 
classroom management expertise and the support that they received, for example 
from the school administration, colleagues, the Headteacher, the District Education 
Department and in-service courses. 
Even though these are the key factors there are others that the teachers might 
consider. Morris (1985) found that teachers mentioned more than one factor as an 
influence on their decision not to implement pedagogic innovation. The factors 
identified were teachers themselves, teacher skills/training, the ability of pupils, the 
language skills of pupils and /or teachers, the pupil, the school principal and 
colleagues. These finding revealed the importance of viewing innovation in the 
context of influences on teachers' decisions, which include social and institutional 
influences as well as the 'distinctive ecology of the classroom' (Doyle and Ponder 
1977). 
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2.5 Teachers' Thinking 
The most important focus of this study is on understanding teachers' thinking about 
the implementation of the primary science curriculum. The study seeks to 
understand how teachers use their professional craft knowledge to explain the 
ob ectives of the curriculum, and how they explain the meaning they attach towards 
the teaching and learning process in their classrooms. To describe and interpret 
teachers thinking on the objectives of the curriculum, the researcher assumes that it 
is related to, and depends on, teachers' knowledge. This assumption is based on the 
evidence of findings from research on teachers' knowledge. Some of this has 
focused on the pedagogical content knowledge held by teachers. Gudmundsdottir 
(199 1), for example, studied the pedagogical content knowledge of an expert English 
teacher and how this knowledge influenced other categories in the teacher's 
knowledge base. Gudmundsdottir (199 1) found that the teacher's pedagogical model 
is central to the teacher's pedagogical content knowledge and knowledge base. it 
influenced other categories in the knowledge base, such as the teacher's knowledge 
of learners. For example, Gudmonsdottir (199 1) found that the teacher sees learners 
through a lens provided by the teacher's model and perceived how reluctant readers, 
whom the teacher needs to teach how to read and interpret literature, sought 
evidence in the text itself Other research has focused on teachers' knowledge 
related to the content being taught. Chen and Ennis (1995) studied the subject- 
pedagogical content knowledge transfonnation process associated with the teachers" 
curricular-decision making in secondary physical education. Their findings indicate 
that teachers personalise pedagogical content knowledge even though they share a 
common subject-content knowledge base. This suggests that teachers' pedagogical 
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content knowledge is personally constructed. Grossman et al. (1989), suggest that 
teachers' subject matter knowledge affects both the content and processes of 
instruction, influencing both what teachers teach and how they teach it. One of the 
examples given in their discussion is that of an English teacher teaching grammar 
who raced through a review of homework, avoiding eye contact with the students she 
thought might ask difficult questions. This lesson was in contrast to this same 
teacher's style in teaching literature, which she knew well; in literature, she 
empbasised open discussions and welcomed student questions and comments. Haes 
(1986) categorises teachers thinking into four categories. One of them is 'knowledge 
as transacted in the curriculum'. Haes found that responses from teachers support the 
view that conceptions of knowledge are a potent influence on opinions about the 
curriculum and on curricular practice, and he concluded that knowledge does effect 
teachers' curricular practice. Such research indicates that there are many areas to 
investigate in trying to understand the process of teaching. 
Experienced teachers' knowledge has been developed and structured through the 
process of reflection and practical problem-solving that they engage in to carry out 
the demands of theirjob. This knowledge is informed by each teacher's individual 
way of thinking and knowing and is also influenced by his/her beliefs, attitudes and 
values (Schmidt and Buckman1983, Fraser, Tobin and Lacy 1988, Smith and 
Neale1989, Wallace and Louden 1992). For example, in Fraser, Tobin and Lacy 
(1988) study of exemplary primary science teachers found that these teachers give 
positive findings on classroom management, material-centred learning and 
classroom interactions. The findings also highlight the importance of teachers' 
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knowledge, beliefs about learning and teaching, and values in detennining what is 
taught and how activities are implemented. . 
Z5. l Teachersideology 
The teachers' working environment is seen as complex and fluid, since teachers deal 
with human beings who are complex living organisms. The nature of this 
environment requires teachers to make on-the-spot decisions, and this explains their 
reliance on intuition and impulse leading to instantaneous responses. These 
experiences contribute to teachers' 'practical knowledge', that is, those beliefs, 
insight, and habits that enable them to do their work in school (Feiman-Nemser and 
Floden 1986). Therefore, for an individual teacher the mixture of beliefs, insights, 
and habits, together with values and attitudes, are important components of their role 
and of the dynamics of teaching and learning. However, these components do not 
help teachers' progress in the teaching and learning process if they have a high 
workload, if they are subjected to excess pressures during the school day and they 
experience a reduction of pleasure in teaching (Campbell el al. 1991). The authors 
argue that the introduction of the National Curriculum and assessments increased 
teachers' workloads. Most teachers saw their work with a corrosive and debilitating 
sense of low morale, frustration, and unattractive lengthy administrative burdens, 
and, furthen-nore, teachers perceived that the vigour, enthusiasm and liveliness 
which they had previously brought to their work was being damaged. Teachers also 
perceived that the workloads were damaging to their personal life and relationships 
with their ffiends and families (Campbell et al. 199 1) 
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In the context of the Malaysian new KBSR program, it is not known how teachers 
perceive their workloads. However, it is a major innovation and as in other 
curriculum innovations, there tend to be new elements to be implemented, thereby 
increasing teachers' workloads. For example, in science, new KBSR teachers are 
required to administer an evaluation of each individual pupil's process science skills. 
Even though this evaluation is done during classroom science activities, teachers still 
have to evaluate all the specified science process skills for each individual pupil in 
their class of about 40 pupils. This implies that teachers will face tensions and stress 
in implementing this assessment requirement because they will have to provide these 
pupil assessment results to the state examination board before the pupils' National 
Examination in September. For example, in 1997, this evaluation had to be carried 
out between February and July. However, it is not the intention of this study to 
investigate teachers' workloads but to explore teachers' ideology. 
In this study, the examination of teachers' ideology will focus on teachers' beliefs, 
values and attitudes within science education. A science education programme is 
incomplete if it neglects any of the following: concern. for scientific knowledge 
(certain facts, principles and theories worth knowing), a concern for the processes 
and methods of science (reasoning and investigating), direct experience of scientific 
activity, appreciation of the complex relationship between science and society, and 
the fostering of positive attitudes towards science (Hodson 1985). Therefore 
teachers' beliefs, values and attitudes will be related to these components in science 
education and, in particular, primary science education. 
Teachers' beliefs greatly influence their decisions on teaching and learning 
processes. Teachers' beliefs in science education are influenced by their philosophy 
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of science education. According to Loose (cited in Hodson 1985), the philosophy of 
science is concerned with four basic questions: 1. What characteristics distinguish 
scientific inquiry from other types of investigations? 2. What procedures should 
scientists follow in investigating nature? 3. What conditions must be satisfied for a 
scientific explanation to be coffect? 4. What is the cognitive status of scientific laws 
and principles? These components develop and form teachers' philosophies of 
science education. Teachers' beliefs impact on the practices they undertake in their 
classrooms; therefore their beliefs on the philosophy of science education will 
influence their decision to accept or reject the objectives, methods and approaches in 
the innovation of the primary science curriculum. 
This study will also look at the values that teachers hold towards the teaching of 
primary science. In this context, teachers' values will be related to the principles 
they apply in educating their pupils in science. If the teachers" principle aim is to 
educate their pupils, then they will be committed to provide experiences for their 
pupils to be successful and confident in science. If teachers value the importance of 
the individuality of their pupils, then they will be committed to the evaluation of 
pupils' creativity and potential and they will acknowledge and appreciate the pupils' 
ideas and knowledge in science. 
The study of teachers' attitudes will focus on two aspects: teachers' attitudes towards 
primary science as a subject and teachers' interest and commitment towards the 
teaching of science. These aspects have a strong relationship vvith, and influence on, 
teachers' confidence in their own understanding and content knowledge (subject 
matter knowledge) of primary science. 
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2.6 The Research Questions 
Teachers' preliminary views help to focus this study to find out and understand 
teachers' thoughts about their work, and through this analysis to understand more 
fully teachers' actions in the classroom. This should help clarify the implementation 
of the innovations in the primary science curriculum and determine whether the 
intended curriculum is, in fact, implemented in school. 
Therefore the preliminary interviews informed the main research questions that will 
be used to study the curriculum implementation are as follows: 
1. Does the implementation of the Primary Science Curriculum match the intended 
curriculum developed by the curriculum innovators? 
a. What are teachers' perceptions and understanding of the objectives of the 
primary science curriculum and their own perceptions (thinking) of the stated 
objectives in the programme? 
b. To what extent does teachers' Pedagogical Content Knowledge (PCK) help them 
implement the primary science curriculurn?: 
To what extent do the perceptions' teachers hold correspond with the nature 
of primary science teaching suggested by the curriculum? 
To what extent does teachers' science pedagogical knowledge help them to 
implement the curriculum? (Include teaching methods, classroom 
organisation, science resources) 
To what extent does teachers' knowledge about learning characteristics in 
science help them to implement the curriculum? 
iv. To what extent does teachers' content knowledge help them in implementing 
the curriculum? 
2. What are teachers' perceptions of the barriers to the implementation of the 
primary science curriculum? 
3. To what extent do teachers' values, beliefs and attitudes influence the 
implementation of the primary science curriculum? 
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Chapter 3 RESEARCH METHODOLOGY 
3.1 Introduction 
This is a case study of the implementation of the Malaysian primary science 
curriculum. It is hoped that the findings will enhance the researcher's own 
knowledge of the innovation and will be of interest to the Malaysian Ministry of 
Education. Since the researcher is attached to a teacher training college, she will use 
the findings to improve the course for training teachers for the primary science 
programme. This will enable the Teacher Education Division to revise the 
programme for science trainees. With this modified curriculum, the hope is that the 
problems faced and mistakes made by teachers in the past will not be repeated by 
newly qualified teachers, thereby ensuring quality improvement of primary science 
education in Malaysia. 
Case study techniques were chosen to examine teachers' thinking about the 
implementation of the primary science curriculum. As Sturman (1997) observes: 
' "Case study" is a generic termfor the investigation of an individual. group, or 
phenomenotL I While the techniques used in the investigation may be varied, and may include both 
qualitative and quantitative approaches, the distinguishingfeature of a case study is the 
belief that human systems develop a characteristic wholeness or integrity ad are not simply 
a loose collection of traits. As a consequence of this belief, cave study researchers hold that 
to understwid a case, to explain or predictfrom a single example, requires an in-depth 
investigation of the interdependencies ofparts and of the patterns that emerge. ' (p. 61) 
The case in this study is the implementation of a curriculum innovation in Malaysia 
- the primary science curriculum - and in order to understand this case, an in- 
depth investigation to explain and predict the patterns emerging from the study was 
undertaken. It is generally agreed (Nisbet and Watt 1978, Sommer and Sommer 
1980, Robson 1993) that case studies are appropriate strategies for research 
involving an in-depth empirical investigation of a contemporary phenomenon, and 
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that it can involve units as small as an individual or as large as an entire community 
or region. It provides the opportunity to apply a multi-method approach to a unique 
event or setting. In this study, the phenomenon or unique event to be explored is the 
primary science curriculum innovation in terms of whether it has been successfully 
implemented as intended. The case study involves both a group of teachers and 
region-wide study. It was felt that, by using a case study and in-depth investigation, it 
would be possible to explain, describe and interpret the innovation from the 
teachers' perspectives. Sommer and Sommer (1980) suggest that: 
'Educational researchers employ the fechrdque to study bujovatiotm Unlike before-and after 
measwrement, which examines chwiges on an objective test at two points in time, the case 
studyfacuses on the process of chatige with attention to the role that itidividualsplay in 
promoting1hindering a new program. For example, a case study may reveal that the 
innovationfailed because it was imposed arbitrarily on key individuals who refused to 
mipport it, not because of itsform or content. ' (p. 196) 
Thus, the intention of the researcher is to focus on the role that primary teachers play 
in promoting or hindering the new science curriculum. It was decided to combine 
qualitative and quantitative methods in this study, as a multi-method approach, in 
order to strengthen the findings. As Stenhouse (1988) observes: 
'Case study methods involve the collection and recording of data about a case or cases, and 
the preparation of a report or a representation of the case. 7he collection of data an site is 
termed 'fieldwork'and it involves: (a) generally. participant or non-participant observation 
and interviewing; (b) probably, the collection of documentary evidence and descriptive 
statistics, am/ the administration of tests or questionnaires, and (c) possibly, the use of 
photography, motionpictures. or videotape recording. '(p. 49) 
Therefore, the fieldwork in this study involves non-participant observation, recorded 
interviewing and the administration of questionnaires as a multi-method approach to 
collecting and recording data about the implementation of curriculum innovation in 
primary science in Malaysia. It was important for the researcher to be a non- 
participant observer. As Cohen and Manion (1994) point out, the researcher stands 
aloof ftom the group activities they are investigating - in this case the teachers of 
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primary science and their use of pedagogical content knowledge to help them 
implement the curriculum. It was felt that, by adopting the role of non-participant 
observer, it should be possible to observe a number of components of teachers" 
pedagogical content knowledge as they implemented the curriculum. According to 
Merriam (1988), a case study can also include data gathered by a survey instrument 
(e. g. questionnaires). Therefore, in this study questionnaires were developed and 
analysed quantitatively using statistical methods. McMillan and Schumacher (1989) 
state that quantitative research presents statistical results represented by numbers 
whereas qualitative research presents facts in a narration with words. They further 
argue that: 
'Traditional qualitative research is also distinguished by using case study design, in which a 
single 'case'is studied in depth Ais could be an individual, one group of students, a 
school, a program or a concept. 7he purpose is to understand the person(s) or phenomenon. 
Since qualitative design investigates behaviour as it occurs naturally in non-contrived 
situations there is no manipulation of conditions or experience. ' (p. 3 6) 
Therefore, the implementation of the primary science curriculum will also be 
investigated by analysing the knowledge (thinking) of a group of teachers presently 
teaching the subject. Denzin and Lincoln (1994) argue that both qualitative and 
quantitative research is concerned with individual points of view, but they add: 
'Qualitative investigators think that they can get closer to the actor'sperspective through 
detailed interviewing mid observations. 7hey argue that quantitative researchers seldom are 
able to capture the subject's perspective because they have to rely on more remote, 
inferential empirical materialk 7he empirical materials produced by the sofier, 
interpretative methods are regarded by many quantitative researchers as unreliable, 
impressionistic and not objective. ' (p. 5) 
Even though this statement refers to those preferring one type of method, it is the 
intention of this study to combine both. It is suggested that with a combination of 
methods the success or failure of the implementation of the primary science 
curriculum will be exposed since both methods focus on individual points of view. 
By using quantitative methods, the views of a sample of teachers should represent 
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the views of the population of teachers nation-wide. The qualitative methods will 
explore, in-depth, a group of teachers' views on the implementation of the 
curriculum, and this should allow a closer perspective of the 'actors' and the 
meanings teachers give to their actions. 
3.2 Research Design 
3.21-Casestudy 
The qualitative aspects of the research involve using case study techniques. Guba 
and Lincoln (cited in Merriam, 1988) outline the advantages of case study in that it 
provides 'thick description, is grounded, is holistic and lifelike, simplifies; data to be 
considered by the reader, illuminates meaning and communicate tacit knowledge'. 
Ross (1988) states that a 'thick description' indicates the meaning of behaviour, and 
the clarification of meaning, which is sought in an interpretation of the social 
meaning of classroom events. Therefore, 'thick description' provides the information 
necessary to make informed judgements about the degree and extent of the particular 
cases of interest. 
Brown and McIntyre (1993) suggest that ethnographical and case study approaches 
can be used in research in order to gain access to teachers' professional craft 
knowledge. Bromley (cited in Merriam, 1988) state that case studies, by definition, 
6get as close to the subject of interest as they possibly can, partly by means of direct 
observation in natural settings, partly by their access to subjective factors (thoughts, 
feelings and desire)'. Hence, this study seeks to unfold and probe the structures of 
teachers' thinking in their knowledge, beliefs, values and attitudes through 
interviews and observation. 
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For this study the researcher uses the teachers' pedagogical content knowledge 
(PCK) framework (Shulman, 1986). The PCK can be divided into four categories: 
teachers' content knowledge in the subject, teachers' knowledge of learners' 
characteristics in science classrooms, teachers' general pedagogical knowledge 
(teachers' strategies on organisation and management of science rooms), and 
teachers' knowledge of the science curriculum (teaching strategies in science, 
resources, materials). Another key aspect concerns the problems or barriers that 
teachers face in implementing the curriculum. This study also attempts to find out 
whether teachers' beliefs, values and attitudes have any influence on the 
implementation of the curriculum. 
3.2.2 Triangulation 
According to Cohen and Manion (1994), triangulation is a technique to explain more 
fully the richness and complexity of human behaviour by studying it from more than 
one standpoint i. e. by making use of both quantitative and qualitative data. Denzin 
(cited in Cohen and Manion, 1994) terms this as ' methodological triangulation', 
which he identifies as 'within methods' and 'between methods' triangulation. In the 
context of this study, triangulation between methods is applied, since it involves the 
use of more than one method in the pursuit of one phenomenon (i. e. primary science 
curriculum implementation). Stake (1994) also observes that triangulation is 
generally considered a process of using multiple perceptions to clarify meaning, by 
verifying the repeatability of an observation or interpretation. 
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3. Z3 The questionnaire 
One aim of the study is to focus on teachers' knowledge in implementing the 
primary science curriculum in Malaysia. This involves examining teachers' 
understanding and perception of the objectives of the primary science curriculum. 
This was done qualitatively and quantitatively. Teacbers were interviewed about 
their perceptions of the objectives. For quantitative measurements, a questionnaire 
was developed. A questionnaire is a self-report instrument used for gatbering 
information about variables of interest to an investigator (Wolf 1998). Therefore, by 
using a questionnaire, it was hoped to gather infonnation on teachers' perceptions 
and use these data in a triangulation (Cohen and Manion 1994) with the interviews 
to be carried out in the case study. According to McMillan and Schumacher (1989) 
the questionnaire approach is relatively economical and assures anonymity of the 
respondents. Wilson and McClean (1994) suggest that the questionnaire offers one 
of the simplest forms of gathering information. Therefore, it was believed that by 
using this method, it would be possible to gather information on the curriculum 
implementation from a larger sample, and that this would help in the interpretation 
of the results. It was decided to use the mail or self-completion type of questionnaire. 
As May (1997) points out, this offers a relatively cheap method of data collection 
compared to the personal interview. For an individual researcher, it is not possible to 
gather a lot of information by personal interviews. However, a small group of 
teachers were interviewed. 
3.24 Interview 
In order to explore teachers' pedagogical content knowledge, an interview approach 
is used in this study. Through interviews the researcher can gain access to peoples' 
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subjective understanding, that is the meanings people attach to experience and how 
this affects the way they behave (Seidman 1991). Furthermore, Cohen and Manion 
(1989) state that through interviews the researcher is able to probe peoples' thinking, 
i. e. their knowledge, values, preferences, attitudes and beliefs and ways of thinking. 
Therefore, interviews were used to unfold and probe deeply into teachers' 
knowledge, values, attitudes and beliefs in relation to the implementation of the 
primary science curriculum. The interviews were tape recorded and transcribed. 
Interview is one of the most common and most powerful methods we can use to 
understand our fellow human beings. The researcher hoped to understand teachers' 
tacit knowledge, and this knowledge can only be gathered through interviews, where 
teachers explain the meanings they attach to the actions that they have taken in their 
classrooms. Teachers' voices can be heard and appreciated using this method, and 
the researcher can compare the reality with the curriculum guidelines to see whether 
teachers implement the intended curriculum. Much of the research done in the field 
of curriculum and teachers' knowledge has used the interview as a method of inquiry 
(Dobey and Schafer 1984, Smith and Neale 1989, Hand and Treagust 1994, 
Appleton 1995, Chen and Ennis 1995). This implies that interviewing is a very 
useful tool for understanding the meanings that teachers give to their actions, i. e. 
what they think when they perform an action. 
3. Z5 Classroom observation 
Classroom teaching was observed in order to determine teachers' pedagogical 
content knowledge (in terms of the four categories mentioned earlier). Merriam 
(1988) suggests that observation makes it possible to record behaviour as it is 
happening. This implies that it is possible for the researcher to be able to observe the 
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activity in the teacher's classroom firsthand. The situation in the classroom, the 
teacher's behaviour, and events that are occurring during the observation can be 
recorded, and a subsequent interview, after the lesson, can help to clarify events and 
understand them; with the added benefit of the teacher's perceptions and reasons for 
so doing. This is an advantage because the researcher can study what occurs in real 
situations as opposed to highly contrived or artificial settings (McMillan and 
Schumacher 1989). The observations carried out focused on the teachers' 
pedagogical content knowledge. The aspects considered were- 
a) content 
in the science s)llabub (subject matter), 
b) learners' characteristics in science classrooms, 
general pedagogical knowledge (teachers' strategies for the organisation and management of the science roonA, 
d) the implementation of the scienci- curriculum ( teaching strategies in science, resources, materials). 
Table 3.0 presents a summary of the method carried out in this study. 
ResearQh Teachers knov, ledge on Qucstiorumirc InImiews Observatims 
Question 
I a. Primary Science Objecti%es 
b. content 
c. learner characteristic 
1. beha,. iour 
ii. kno" ledge, skills and scientific 
attitudes 
d. general pcdagoWv 
c. science pedagokn 
i. strategies, resources, etc 
ii. constructi-, ist approach I 
2 Problems (barriers) 
3 l3cliefs, attitudes, and -. alucE 
Table 3.0 Techniques applied in the case study 
3.2 6 Justification of the research design 
The method of inquiry is a combination of qualitative and quantitative methods. The 
qualitative data were gathered from interviews and observations. Denzin and Lincoln 
( 1994) argue that: 
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'Qualitative research is mulli-method inftwus, involving wi interpretative, naturalistic 
approach to its subject matter. This means that qualitative researchers study things in their 
natural setting, attempting to make sense of, or interpret, phenomena in terms of the 
meanings people bring to them. Qualitative research involves the studied use and collection 
of a variety of empirical materials - case study, personal experience, introspective, life story, 
interview, observational, historical, interactional mid visual texts - that describe routine mid 
problematic moments and meanings in individuals lives. Accordingly, qualitative researchers 
deploy a wide range of interconnected methods, hoping alKWs to get a betterfix on the 
subject matter at hand' (p. 2) 
in this study of the implementation of a curriculum innovation, it is the intention to 
explore and investigate how teachers perceive and respond to the curriculum 
guidelines. This can only be done in the teachers' natural settings, their classrooms. 
By observing and interviewing teachers about the events in their classrooms, the 
researcher hoped to be able to describe the routines, the problematic moments and 
meanings in the teachers' individual lives in implementing the curriculum. By using 
the observation method, the context of observation can be described in a rich and 
holistic manner. The natural sequence of events is preserved, unpredicted events can 
be reported, and a qualitative statement can be made (Stallings and Mohlman 1988). 
Therefore, the researcher used classroom observation to focus on teachers' content 
knowledge, teachers' perception of the pupils' characteristics in their science 
classes, and teachers' use of strategies and resources during their science lessons. 
Through this classroom observation, it was hoped that the Malaysian primary 
teachers' science teaching routines, problematic moments and meanings they give to 
the curriculum would emerge and be understood better when the teachers were 
subsequently interviewed. 
As already explained, this study is a combination method: the researcher also used a 
quantitative method in a small part of the study. The method of inquiry was the 
questionnaire, wbich focused on the areas mentioned above. The reason for adding 
this method of data collection was to gather more information from a bigger sample 
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of primary school teachers in Malaysia so that a wider range of views could be 
analysed. Moreover the results from questionnaires can be used as a triangulation to 
strengthen the findings from the qualitative data. As Denzin (1988) argues: 
'Each research method implies a different interpretation of the world and suggests a 
different line of action the observer may take towards the research process. The meanings of 
methods are constantly changing, and each investigator brings different interpretations to 
bear upon the very research methods that are utilised. For those reasons, the mostfiwiffid 
searchfor sound interpretation of the real world must rely upon triangulation strategies. 
Interpretations which are built upon triangulation are certain to be stronger than those 
which rest on the more constricledftamework of a single method. ' (p. 512) 
Therefore, it was felt that using multiple methods to study the same phenomena 
would help to overcome the intrinsic bias from a single method of investigation and 
enable a stronger interpretation of the research finding. However, even though a 
quantitative method is also used, the focus of the study is on the teachers' cognition, 
and this was investigated qualitatively. 
In the context of this study, teachers' knowledge of subject matter was investigated 
through classroom observation followed by an interview to discuss the lesson and the 
teachers' explanation of their planning, teaching and reflection on the lesson. This 
was compared with the mandated syllabus to find out any discrepancy between the 
intended and the implemented curriculum. 
Teachers' knowledge of learners' characteristics in science was determined by 
observations, interviews and questionnaires. The interviews, conducted after the 
observed lesson, focused on the teachers' understanding of the learners' 
characteristics or behaviour in the science classroom. Interviews were semi- 
structured, depending on the classroom'situation and environment during 
observation. Teachers' understanding of the knowledge, skills and scientific attitudes 
children should have at the end of their primary science education was examined by 
questionnaires. 
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Teachers' levels of general pedagogical knowledge were elicited from interviews, 
which focused on the strate6nes teachers used for the organisation and management 
of their science rooms. Teachers' knowledge of the primary school science 
curriculum was studied through both interviews and observation. The interviews 
focused on teachers' understanding of the strategies or approaches in teaching 
science and why they use them. They were also interviewed on the resources, 
classroom management and teacher-pupil relationship in their science classes. 
Questions were also developed on teachers' understanding of the constructivist 
approach, scientific skills and scientific attitude, and the problems teachers' faced in 
implementing the curriculum. A summary of the categories invest'gated by the 
questionnaires is shown in Table 3.1. 
'Ile ---------- -_ 1 4X:! i 7- 7v 
Ih anjOwl, ba, 
2( I)Ohyech, ei vfprinjar) sý jetiL e 
curriculum 
a impotiance ofthe objectives 9 items Malaysian Curriculum Development Cenn-C 1993b (CDQ 
h. teathers' ranking ofthe objerrives I itcru 
(B) open-ended questions 4 items 
3. reaching strategies 
a as suggested b. P the construcirvist 10 items adapted from Yager ( 1991 
approach 
A roles teacher pla)-s in science lessons I itern ics"ichcr 
c- open-ended questions 4 items researcher and adapted from evaluation of implementation 
of science in the Nalioral Curriculum (Fngland and Wales) 
4. Science Resources 
a boo". science equipment and the Evaluation of implementation of science in the National 
science room 3 items Curriculum (England and Wales) 
b. open-ended question 3 items 
5. ()rganising papats in science (Usses 
a how teachers urganise pupils 4 items Adopted t*r,, ni cNalualion of implementation of science in 
b. open-ended question 2 itinns tho National Curriculum (F. nSlund and Wales) 
JapiLy'characteristits 
a. importance ofeach sAiU 12 items Malaysian CDC 1993b 
b. three most important skilLl I itern 
7 Barriers1prohlems in implementing the curriculum 15 items 
-- 
I Adopted trorn Tu) ior el al (1974) 
8. Tea -hers ideolvAO-: beliefs, attitudes and values 12 items 
T. daptLd froni c%aiualikin of implementation of science in the 
N nonal Cuiriculum (England and Walus) 
TvIaL. Vanther 91 
Table 3.1 Categories investigated by the questionnaire (pilot) 
Semi-structured interviews were also used and followed the same categories as the 
questionnaire but they probed in depth how teachers cope with, and tackle, 
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problems. The aim was to find out teachers' personal views and ideology on the 
primary science curriculum. The list of questions asked included: 
beliefs - teachers' role in implementing the curriculum innovation 
values - the values they hold towards teaching primary science and 
implementing the curriculum 
attitudes - teachers' attitudes towards the subject of science and teaching 
science 
In the researcher's view, a semi-structured interview is suitable for this type of 
questioning because it should enable her to probe deeper into the teachers' personal 
feelings and views on the issues. McMillan and Schumacher (1989) state that 
questions phrased in a semi-structured interview allow for individual responses and 
are open-ended but fairly specific in their intent. Open-ended questions help the 
researcher to ask for clarification and explanation from the respondents, and this 
provides a deeper understanding of teachers' thinking towards the implementation of 
the curriculum. According to Bogdan and Biklen (1992), 
'in order to capture the subjects'own words and let the analysis emerge, interview schedules 
and observation guides generally allowfor open-ended responses and areflexible enough 
for the observer to note and collect data on unexpected dimensions of the topic. '(p. 77). 
Table 3.2 shows the categories included in the interview. 
CATEGORIES QUESTIONS 
A. Teachers' perueptions 1. What role do you play in your science lesson? 
of the nature of primary 2. What type of teaching approaches do you use in your class? 
science teaching 3. Who controls learning in your science lesson? 
4. What is your view of how children learn? 
5. What are your thoughts about constructivist teaching/leaming approaches? 
6. Wbat is your opinion of the importance of the students' active participation in leaming your own class? 
7. What is your opinion of the idea that students are'active learners'? 
B. Teachers' perceptions I. What is your opinion on the objectives of primary science education? 
of the objectives of 2. Referring to the nine stated objectives of primary science, how would you rank them? 
primary science 3. Which of the objectives do you find easy to implement (arid why)? 
education 4. Wliich of the objectives do you find difficult to implement (and why)? 
5. Which of the objectives do you find difficult to understand? 
6. Given the chance, what would you like the objectives of the primary science education to be. 
C. Teachers' selection of 1. When you select the content to teach, what are the main factors that influence you? 
content (de-pends on 2. How do you know whether the oontentAmowledge that you want to transfer to the pupils is adequate or 
classroom observation) correct? 
D. Teachers' selection of I- What is your opinion about the inquiry approach in teaching science? 
methods (depends on 2. 1 low do you find the use of this approach in your own science class? 
classroom observation) 1 
3. Can you explain why you use the strategy that you choose in teaching the content? 
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CATEGORIES QUESTIONS 
F. Pupil development in I. I low do you develop your pupils'scientific skills? 
science (depends on 2. How do you develop your pupils' scientific values? 
classroom observation 3. What were the scientific skills and values that you instilled in this lesson? 
4. Could you explain how you instilled the scientific skills and values in this lesson? 
5. What is your opinion about considering children's ideas in teaching science? 
6. flow did you consider the children's ideas in your lesson? 
F. Teachers' perceptions a. Self 
of the barriers to the I. How would you compare the teaching of science in the new curriculum with the old 
implementation of the one? 
curriculum 2. %Which curriculum do you feel comfortable with and why? 
3. What is your opinion on the implementation of primary science in the new KBSR? 
b. Resources 
4. How would you compare the teaching of science in the new curriculum with the old 
one? 
5. VVIiich curriculum do you feel comfortable with (and why)? 
C. support 
6. What are the supports do you receive in implementing the primary science curriculum from: 
a. Headleachcr, b. Colleague, c. District Education Officer, d. Teacher Activity Centre? 
d. Classroom management 
7. 1 low would you explain the organisation of your pupils in your classroom? 
8. Why do you organise the pupils in your science lesson in this way? 
G. Teachers' ideology a. Beliefs 
I. What is your opinion of the characteristics of scientific enquiry? 
2. Ilow would you explain the Procedures that the scientist should follow in investigating nature? 
3. 1 low would you explain the conditions that must be satisfied before a scientific explanation can be 
correct? 
b. Values 
4. What is your opinion about the best ways to educate our pupl s in science? 
C. Attitudes 
5. What are your opinions and feelings about primary science? 
6. What are your opinions and feelings about the teaching of primary science? 
Table 3.2 Questions included in sený-structured interview 
3.3 Other Possible Methods 
There are other approaches that could be used to carry out this study. One is 
videotape recording. Leinhardt (1988) states that research on teachers' thinking has 
used video taping to provide an unbiased record and act as a stimulus to produce 
data for future analysis. As the purpose of this study is to understand teachers' tacit 
knowledge, they could be videotaped for the whole period of a classroom lesson. 
The tape could be analysed for key points regarding the objectives of the lesson, the 
learners' behaviour in the classroom, and other decisions and events that occurred 
during the lesson. The tape could be played back to the teacher after the lesson and 
he/she can be questioned with respect to his/her thoughts during the activity 
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sequence. The responses to these questions could then be analysed. Clark and 
Peterson (1986), in their analysis of teachers" thought processes identify twelve 
studies (Morrine and Vallance 1975, Marland 1977, Semmel 1977, McNair 1978, 
Conners 1978, Peterson and Clark 1978, Lowyck 1980, Wodlinger 1980, Sbroyer, 
19 8 1, Colker 19 82, Forgaty, Wang and Creek 19 82 and Housner and Gri My 19 83) 
in which researchers used videotape during lessons to study teachers' interactive 
thoughts and decisions. Generally, in these studies teachers were videotaped during 
their lessons and the video was used in a stimulated recall interview technique in a 
different format for each study. Teachers' responses to the interview were also 
audio-taped and coded to categorise teachers' statement or thoughts. However, 
according to Leinhardt (1988), there are some important issues to consider when 
using videotape, and these are related to the techniques of use. The researcher must 
identify the entrance into the setting. Usually when 6 teacher starts a class, students 
will take some time to settle down; therefore the researcher has to determine when to 
start videotaping. There is also the time frame of the videotape segment. A videotape 
reel will have a finite length, and if lessons in class also take a similar time, then the 
researcher might not capture events occurring after the time limit. The audio and 
visual points of focus will also restrict the researcher in capturing the whole class 
situation. The researcher might only focus on the teacher and not on the students. If 
the researcher focuses on students, it can only be on an individual or a group. This 
Will misrepresent the whole class situation. When people are recorded their 
behaviour might change; thus the video representation of a lesson has significant 
disadvantages. 
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Another possible approach is the Repertory Grid Technique. Duffy, Olson and 
Munby (cited in Clark and Peterson, 1988) used this method of inquiry to identify 
teachers' implicit theories. Basically, the technique involves rating, on a grid, 
between an 'elements' axis (Kelly's term) - people situations, etc. - and a 'construct' 
axis - ways in which the subjects think about the 'elements'. These may be elicited 
during an interview or otherwise supplied by the interviewer. Generally, the 
completed grid is analysed factorially to determine the relationships among 
constructs (Munby, 1984). The strength of using this method of inquiry in research 
dealing with teachers' thinking is that the domain of interest is the individual 
teachers' own interest. By using this method, special attention is given to individual 
teachers' needs and opportunities to talk about their implicit theories, such as their 
beliefs and principles. However, teachers' beliefs and principles will not be 
understood if a designed instrument for measuring teachers' beliefs and principle is 
used. A designed instrument will usually contain test items developed by the test 
developer. Therefore the test items are the various beliefs of interest of the 
developer, and these might not necessarily correspond to the beliefs of the individual 
teachers within a unique professional environment. Munby (1984) concludes that the 
method can obtain the particular knowledge about a teachers beliefs and principles 
within a context determined by the teacher. This implies that knowledge on teachers' 
beliefs and principles in implementing curriculum could help us to understand why 
teachers implement or reject curriculum innovation. On the other hand, this method 
can only be used for a small number of respondents in the context of a nation-wide 
curriculum implementation. Munby (1984), in bis study of teacber's beliefs, 
conducted a case study of one teacher. Olson used 8 subjects, Duffy used 8 teachers, 
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and Munby used 14 teachers (cited in Clark and Peterson, 1986) in their studies 
using the repertory grid technique. Although these studies were related to the 
implementation of a new curriculum, the number of subjects was quite small to 
represent the entire population of teachers carrying out the implementation 
curriculum innovation. Thus, it would not be possible to apply this technique to 
study teachers" nation-wide implementation of a new curriculum. Furthermore, this 
method of inquiry is time-consuming if bigger samples of respondents are used, 
since teachers' constructs need to be elicited during interviews. 
Another further methods that can be used is 'interview about instances' or 'interview 
about events' (Osbome and Gilberg, 1980). This method can probe teachers' 
understanding on certain topics within the subject. This technique was used by 
Kruger and Summers (1988) in their study of primary school teachers' understanding 
of science concepts, and by Harlen and Holroyd (1997) in their study of primary 
science teachers' understanding of concepts of science and their impact on 
confidence and teaching. Basically, interviews were based on events, objects or 
photographs relating to the science concepts being investigated. One of the 
weaknesses of this method is that teachers might feel anxious and inadequate when 
they are asked a question they cannot answer. They might also feel that the 
interviewer was trying to expose their weaknesses, mistakes in teaching concepts or 
giving provision of wrong information to students. On the other hand, as Harlen and 
Holroyd (1997) suggest, the interview can succeed as 'collaborative explanation', 
with the teachers feeling satisfied and pleased that something that they had not 
previously understood now makes sense. This implies that teachers' confidence 
might increase, thereby benefiting the teaching and leaming processes. 
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In the context of this study, the researcher rejected the above techniques. Even 
though there are strengths in these methods, it was felt that they were not suitable 
and appropriate for the Malaysian setting. For example, if the researcher used the 
'interview about instances' and 'interview about events' technique, teachers would 
not be willing to participate in the study because this method would be regarded, in 
Malaysia, as an attempt to teachers' weaknesses and inadequacies. As the researcher 
has a lot of experience in the Malaysian primary system, she felt that this method 
would not result in any co-operation from the teachers nor help her to get an 
overview of the nation-wide curriculum implementation process. Nor was it 
possible to use the repertory grid technique. Even though the intention was to 
interview a group of teachers, it was also to observe their teaching in order to 
investigate whether teachers implemented the curriculum as intended. The repertory 
grid technique would only examine teachers' beliefs and principles. The use of 
videotape and the simulated recall technique were also rejected. The researcher felt 
that the teachers would not be acting naturally with a video-recorder in front of 
them. Thus, to reduce bias it was felt appropriate to use a paper and pencil method to 
collect the data. 
The chosen method of inquiry was thought to be 'non threatening' to the teachers irr 
Malaysia. As a local with an understanding of the culture, the researcher knows that - 
teachers do not like to be given any test or questions that might degrade their dignity 
as teachers. By using qualitative methods and by promoting the concept of the 
researcher as leamer, she hoped to gain access to teachers' tacit knowledge. 
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3.4 The Research Samples 
This study uses two types of sample, the probability sample and the non-probability 
sample. The survey sample comes from the probability sample and the case study 
sample is the non-probability sample. In the probability sample the probability of 
selection of respondents is known, and in the non-probability samples it is unknown 
(Cohen and Manion 1994). The survey sample (probability sample) was taken from 
seven of the 14 states in Malaysia. The schools selected are National Schools only 
because the language used in the survey is Malay. The method of selecting the 
subjects was by systematic sampling (McMillan and Scbumacber 1989, Coben and 
Manion 1994). From a population list of schools in each state, every nth of the school 
was selected. This depends on the number of schools in each state. For example, in 
Melaka there is a population of 130 schools and a sample of 26 (20%) schools was 
required, so every 5"' school on the list was chosen. For each school selected, two 
teachers were asked to complete the questionnaire. The sample for the case study 
was a non-probability sample. According to Cohen and Manion (1994): 
'Small-scale surveys often resort to the use of non-probability samples. Despite the 
disadvantages that arisefrom their non-representaliveness, they arefar less complicated to 
set up, are considerably less expensive, and can prove perfectly adequate where researchers 
do not intend to generalise 1heirfindings beyond the sample in question or where they are 
simply piloting a survey questionnaire as a prelude to their main study. ' (p. 88) 
In this case study it was intended to use 14 teachers of primary science working 
within 25 km of the researcher's base. The sampling was a purposive one based on 
researcher judgement of the teachers typicality from their involvement with the in- 
service courses provided by the Ministry of Education. As McMillan and 
Schumacher (1989) put it, purposeful sampling is a strategy to choose small groups 
or individuals likely to be knowledgeable and informative about the phenomenon of 
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interest. In the context of this study the teachers identified are those who have had 
experience teaching primary science since its implementation. Thus they are 
assumed to be knowledgeable and informative about the implementation of the 
cumculum. Table 3.3 surnmarises the training backgrounds of the teachers. 
schools Teacher Pensakff)l Nib"ary Scieptce Cosirse attended' Scleysce &wkgroivndýxdl 
selected mate(Ao and opdm d4ring teacher &abdng 
pr-ogr-amille 
secondary kv4 
School A. Mansor (MA)-M Orientation c4)unsc -5 days 6encial science (arls stream) 
Malay Stud), Progratrune 
School A Soraya(SO)-F 14 weeks in-service course Pure science (science stream) 
English Study Programme 
School B Zarina (ZA)-F 14weeks in-service course Pure science (science stream) 
M. day Study Programme 
School B Juliza(JZ)-F Orientation course -5 days 0eneral science (arts stream) 
Malay Study Prýramme 
School C Dzamani (DZ)-M 14 weeks in-service course General science (arts stream) 
Malay Study Programme 
School C Norizah (NI 1) -F Orientation course -5 days PX" science (SCICRCC Stredill) 
Malay Study Prograinnic 
School D Shafic (SS)-M Orientation course -5 days General science (arts stream) 
Malay StLkJy Programme 
School D Nurul (NU)-F 14 weeks in-service course Puze science (science stream) 
Malay Study Programme 
School E Muyidin (MY)-F Orientation course -8 days Pure science (science stream) 
(key pcrsonnel) Science and Mathematics 11'rogramine 
School F Badriah (13A)-l. ' Orientation course -5 days Pure science (science stream) 
- 
MaLlieniatics Progiarnine 
-ge hoolF Rubil (RIT)-F Orientation course -5 days Pure science (science stream 
Malay Study Programme 
School G Aminah (AA)-F OrientaLion course -5 days Pure science (science stream) 
Malay Study Programme 
School H Sharifah (SH)-F Orientation course -5 days Pure science (science stream) 
_ 
Malay Study Programme 
_ýCýh ooll Norbadriah (NB)-F 14 weeks in-service course Ceneral science (arts stream) 
Malay Study Programme 
Table 3.3 Selected teachers' training and science backgrounds (the names used are pseudonyms) 
3.5 Into the Field 
3.5.1 Data collection 
Data for this study were collected and interpreted through two levels of inquiry- (1) 
the questionnaire and (n) interviews and classroom observations. The questionnaires 
were adapted from previous research (Taylor el al. 1974 and Russell, Qualter and 
McGuigan 1994), and informal interviews were carried out in April 1998 to 
determine teachers' global views on the primary science curriculum and to 
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understand their perceptions of the cumculum to implement it (discussed in section 
2.2.3). The questionnaire was developed and then translated into Bahasa Malaysia 
with the help of a Malaysian English teacher (at that time she was studying a 
Master's Degree in English at Warwick University) and then was piloted in 
September 1998. After the analysis, the questionnaire was modified and distributed 
in January 1999. The probability sample schools were 20% of those in each of the 
seven selected states. The samples are summarised in Table 3.4, 
State Total No. of National Schools (7VS) f Total No. of N& 20% o; 
Melaka 130 26 
Selangor 300 60 
Kedah 350 70 
Kelantan 365 73 
Perak 485 97 
Negeri Sembilan 185 37 
Perlis 51 10 
TOTAL 1866 373 
Table 3.4 Number of schools selected to respond to questionnaire 
Therefore the number of questionnaires expected to be collected (2 respondents per 
school) was 746. The return rate was 77.5%. 
3.5.2 Gaining access 
Before I could undertake the fieldwork a tremendous amount of paperwork was 
required. Certain procedures have to be followed in conducting research in 
Malaysian Schools. Malaysia has a bureaucratic set up requiring anyone who wants 
to enter school premises to adhere to certain procedures. The first is to seek 
permission from the highest authority, the Ministry's Educational Planning and 
Research Division (EPRD). The correspondence with EPRD was undertaken in July 
1998 so that the State Education Departments could be given sufficient notification 
of the intended study. Permission came in early August, so I was able to use it 
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immediately to obtain clearance from the Penang State Education Department to 
undertake a pilot questionnaire and some fieldwork. 
Permission to conduct fieldwork in the schools was facilitated by the fact that the 
researcher was sponsored by the Malaysian Education Ministry. Attached to the 
questionnaires sent to all the states involved in the main study were copies of 
permission letters from the EPRD and their own State Education Department. This 
was to ensure some obligation to respond to the questionnaire and generate a high 
return rate. The official correspondence was completed by October 1998 in readiness 
for the questionnaire distribution in January 1999. 
The qualitative and the quantitative studies were done simultaneously due to time 
constraints and distance considerations, since postage costs for questionnaires 
between England and Malaysia are prohibitive. Thus, the analysis of the data was 
mainly done after the fieldwork. There was also a specific deadline to finish the 
study. Another reason was the high cost of travel (due to the Far Eastern economic 
crisis). However, a high percentage return rate was achieved. 
3.5.21 Thefieldwork 
Before I was able to meet the teachers chosen for the study, I had to obtain 
permission from their schools. Thus letters were sent to the Headteachers of the nine 
schools in October 1998 explaining the aims of the study. The Headteachers were 
contacted again by telephone in December 1998, as a courtesy, to remind them I 
would be going to their schools in January. After I had contacted the Headteachers I 
also contacted the selected teachers so that they would be aware of our meetings. At 
this stage, some of the teachers contacted were not very enthusiastic and sounded 
very nervous. 
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The fieldwork was carried out between January 1999 and April 1999. There were 14 
informants from the nine schools because at some there were two science teachers. 
The number of teachers chosen was based on what was thought to be manageable 
within the time available. In approaching the individual teachers, I assured them that 
my intention was not to evaluate them nor to find faults. I explained that my purpose 
was to understand how they implemented the primary science curriculum in their 
classes. I emphasised that they were the ones with the necessary information to 
describe the science curriculum as taught in their classes. I also made it clear that 
their opinions and views would be used in the study but the source would not be 
disclosed. This assurance helped me gain their confidence. 
3.5.3 Instruments 
Qualitative data were collected through interviews and classroom observations. The 
audio tape recorder was used extensively to record interviews and the classroom 
observation. The interviews were semi-structured and five interview schedules were 
prepared (see Table 3.2). However, some of the schedules were modified during the 
fieldwork. This was done to aid teachers' understanding of the questions. The initial 
classroom observation checklist was also found to be inappropriate due to the 
criteria not being applicable in the Malaysian context. Therefore it was decided to 
keep a written account of events as they occurred. Data for the quantitative section 
were collected through the questionnaire (Appendix 1). 
3.5.3.1 Questionnaire 
. 
The questionnaire developed was based on those of previous researchers. One such 
questionnaire was that developed for the School Council Research Project in the UK 
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by Taylor et al. (1974). The purpose of this study was to examine, through data 
based on teachers' perceptions, the physical, ideological and personal constraints 
and influences affecting what is taught by the primary school in its classrooms. It 
was felt that some parts of Taylor's questionnaire were appropriate for the present 
study. 
Another source was the research done by the UK School Curriculum and Assessment 
Authority 'Evaluation of the Implementation of Science in the National Curriculum 
at Key Stages 1,2, and 3' (Russell, Qualter and McGuigan 1994). The National 
Curriculum Council set out the specification parameters for the evaluation, which 
included the coverage, progression and differentiation of the science National 
Curriculum. The Primary Teacher Questionnaire used in the Evaluation Study is 
relevant to the present study for evaluating teachers' perceptions of the 
implementation of KBSR primary science. 
Another source was materials produced by the Malaysian Curriculum Development 
Centre. These were the teachers' guide to the primary science syllabus, the module 
packages for teachers of primary science, i. e. module 2- Scientific Skills, module 3- 
Thinking Skills and module 4- Scientific Attitudes and Values. 
in all, eight sections of the questionnaire were developed. Section 1 seeks 
information about the teachers themselves and their background in science. Section 
2 has two parts. Part (i) deals with the objectives of the primary science curriculum 
as stated by the Curriculum Development Centre (CDC) in the teachers' guide to the 
primary science syllabus. In this section, teachers' views are sought on the 
importance of each stated objective. Teachers were asked to rank the nine stated 
ob . ectives according to their own perspective. Part (ii) consists of four open-ended 9 
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questions to enable teachers to give their own comment on the objectives of the 
primary science curriculum. 
Section 3 explores teachers" perceptions of the constructivist approach. The items 
are adapted from Yager's (199 1) article on ' The Constructivist Learning Model: 
Towards Real Reform in Science Education'. This article discusses constructivist 
strategies for teaching and suggests procedures for science teachers to develop 
constructivist approaches. Eleven items have been adapted which focus on pupils' 
roles in a constructivist approach. Further open-ended questions are provided to 
elicit teachers' perceptions on the approach to primary science. Some are adapted 
from Russell et al. (1994) and focussed on pupils' roles in a constructivist approach. 
One further item is focused on the teachers' roles in science lessons using a 
constructivist approach. Three open-ended questions about teachers' views on the 
constructivist approach relate to pupils' role and teachers' role. One open-ended 
item is modified from Russell et al. (1995) and asks for teachers' views, on a science 
lesson that they have taught recently and which they regarded as successful. 
Section 4 seeks data on the science resources in the teachers' schools and how these 
resources help in teaching science. Six items were adapted and modified from 
Russell, et aL (1994) from the Primary Teacher Questionnaire regarding 'Science in 
Your School'. Tbree out of six items are open-ended questions developed by the 
researcher and relating to the use of the science room in the school during science 
lessons. 
Section 5 aims to find out how teachers organise their pupils in science lessons. Six 
items are adapted from Russell et al. 's (1994) evaluation study, and two out of six 
items are open-ended questions. Four out of six items are adapted from Russell et 
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Ws (1994) questionnaire on 'Organising Pupils'. These items were chosen because 
of their suitability for primary science in Malaysia, which also empbasises a pupil- 
centred approach that allows pupils to be involved in hands-on activities. Thus it is 
important to understand how teachers organise pupils in their science class. 
Section 6 of the questionnaire was developed to explore teachers' views of their 
pupils' characteristics in science classes. Here, development by the researcher was 
guided by the materials produced by the CDC. Part I consists of 12 items based on 
the four modules written by the CDC: 
module I- Knowing Science 
module 2- Scientific Skills 
module 3 -Thinking Skills 
module 4- Scientific Attitudes and Values 
Two items were developed to relate to the scientific skills pupils should acquire in 
science; one on pupils" scientific values and on their scientific attitudes. A further 
two items are on scientific concepts, two on thinking skills, and two on manipulative 
skills. Part 2 of the questionnaire asks for teachers' opinions on the three most 
important skills which should be given priority in primary science. 
Section 7 attempts to discover teachers' perceptions of the barriers the 
implementation of the primary science curriculum. The items developed are adapted 
from the study by Taylor et al. (1974) on "Purpose, Power and Constraint in the 
Primary School Curriculum'. Fifteen items used from their study are considered 
suitable for the teachers within the present study. The items used are adapted from 
two parts of Taylor et aPs questionnaire. They are from section 3, which deals with 
the influence of certain people and organisations on what and how topics are taught 
in their classrooms. Only four items are adapted from this part, i. e. items i, iii, xi, 
and xii. Item u was developed for this research. The other ten items are from section 
118 
4 of the study, which asked teachers to indicate the factors that prevented them from 
achieving their aims in teaching. 
Lastly, section 8 deals with teachers' ideology, including their beliefs, attitudes and 
values towards the primary science curriculum. These questions are adapted from 
Russell et al. (1994). Twelve items from their study were modified to apply to KBSR 
science. Of the twelve items, three asked about teachers' beliefs, two about teachers' 
values and seven items about their attitudes. However, all items are implicitly related 
to teachers' ideology as a whole. 
The questions developed in sections 3,6,7 and 8 use the 5-point Likert scale to 
reflect the intensity of the particular judgement involved (Nachmias and Nachmias 
1996). In the questionnaire, the numerical codes accompanying the categories 
represent the intensity of the categories. The higher the number, the more positive 
the response. (For example 5 relates to strongly agree and I to strongly disagree). It 
was felt that using a 5, point Likert scale would allow the respondents to indicate 
realistically the strength of their attitudes towards teaching strategies and pupils' 
characteristics in science lessons. 
A number of open-ended questions were developed for this questionnaire. They are 
in sections 1,2,3,4 and 5. The researcher. felt that by making use of open-ended 
questions she would be able to allow the respondents to reflect critically without 
being influenced by suggestions from the researcher. As the purpose of this study is 
to determine teachers' perceptions and thinking on the implementation of the 
primary science curriculum, some open-ended questions seemed appropriate in order 
to determine teachers' views and opinions. 
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After the questionnaire was piloted, the responses received were inspected to see 
whether any modification was necessary. The questions were retained but most of 
the open-ended items were modified into Likert-scale types. Only one open-ended 
question was rýtained. Teachers' responses indicated they did not like the open- 
ended questions as they were time consuming, and they found it difficult to set out 
their ideas. 
3.5.3.2 Observation schedules 
The observation schedule used in this study is adapted from Smith and Neale (1989) 
in their study of 'The Construction of Subject Matter Knowledge in Primary Science 
Tcaching'. The purpose of their study was to analysc the subject matter knowledge 
and beliefs of ten primary teachers, focusing on their conceptual change in science. 
According to Smith and Neale (19 89) the key features of conceptual change teaching 
are: 
(Lesson Segments) 
1. Introduction: teacher opens lesson with comments about lesson's content or activities, making 
links with other lessons 
2. Review: teacher asks children to describe previous lessons' findings, conclusions and problems 
3. Lesson development: teacher presents new information or problem, elicits children's ideas and 
discussion, probes and clarifies understanding 
4. Investigationslactivities: children manipulate materials individually, in small groups, or take turns 
in whole group, to test out ideas 
5. Representation: children present results of activities symbolically, in writing, measurement, graphs, 
tracing 
6. Discussion ofactivilies: children present results, discuss explanations, comment on adequacy of 
explanations 
7. Summary or tie up: teacher and/or children summarise the day's findings and link them to other 
lessons 
Thus it can be seen that the development of the lesson is similar to a constructivist 
approach, with the lesson being focused on pupils' ideas and prior knowledge. The 
approach attaches importance to pupils' understanding of the concepts taught 
120 
through activity-based teaching thereby allowing pupils to construct their learning. 
Hence it was felt that the observation schedule was appropriate and suitable for 
observing the teaching of KBSR science in Malaysia. 
As the observation scheduled developed by Smith and Neale (19 89) focuses on 
teachers" content knowledge, teachers' roles, students' roles and activities and , 
materials, it can easily be adapted to observe teachers' pedagogical content 
knowledge. This includes teachers' subject knowledge, knowledge of the learner, 
and pedagogical knowledge (for this study, this includes classroom organisation and 
science pedagogy). However, the part of Smith and Neale's observation schedule 
which was adapted for the study is that which concerns teachers' content knowledge 
and teachers' knowledge of learner characteristics in science classes, since the other 
criteria developed by Smith and Neale are not relevant to the Malaysian primary 
science teaching. Therefore, the classroom observation data were analysed from the 
narrative description of the classroom observation. 
3.6 Data Analysis 
The questionnaire was analysed using the Statistical Package for the Social Sciences 
(SPSS) programme and most of the statistical procedures used the frequency count 
and cross-tab procedure. Since the questionnaire items are mostly on opinions and 
views of the curriculum the frequency count of responses was suitable. 
The qualitative data arising from the interviews and classroom observation were 
analysed using qualitative analysis. The interviews and classroom observation were 
initially transcribed and then analysed by finding units of meaning and looking for 
patterns in the interviews. A coding system was developed from 'perspectives held 
by subjects' to code orientations toward ways of thinking that all or some subjects 
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share, which indicate orientations toward particular aspects rather than general 
situation. Often perspectives were captured in particular phrases that subjects used 
(Bogdan and Biklen 1992, p. 168). The classroom observations were recorded as 
narrative descriptions and were analysed according to criteria including strategies 
used in the lessons, pupils' development in science, i. e. science process skills and 
scientific attitudes and teacher's content knowledge. 
3.7 Methodological Issues: Limitations and Advantages 
The methodology used in this study is a combination of qualitative and quantitative 
techniques. In the quantitative method, i. e. the questionnaire, the chief limitation 
was cost. This resulted in only being able to select 20% of schools from seven out of 
14 states in Malaysia. Another limitation was the time factor. I feel that a more 
effective questionnaire could have been developed following the fieldwork. Tbe 
responses from the interviews could have been used to improve the questions. 
However, the advantage in administering the questionnaires was that representative 
views of many teachers on the implementation of the curriculum were obtained on a 
nation-wide basis. 
A major advantage of the qualitative method was being able to observe the 
curriculum implemented at classroom level by teachers. The interviews also enabled 
the researcher to determine teacher's perceptions, opinions and views. It can be seen 
from the interview responses that teachers were able to demonstrate their feelings 
and understanding of the curriculum to someone willing to listen to their problems 
and concerns when teaching science. Another advantage was the ability to observe 
teachers in a classroom setting and this approach really showed that the 
implementation of the curriculum is carried out by teachers' using their own 
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discretion and interpretation of the curriculum. However, for one researcher, the 
number of teachers that could be observed was limited. 
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Chapter 4 REPORT AND ANALYSIS OF QUANTITATIVE DATA 
4.1 Introduction 
This chapter will present the data collected quantitatively. An attempt is made to 
explain the findings, which are analysed under the following headings: 
* factual data on the samples 
* teachers' views and perceptions of the objective of primary science 
* teachers' pedagogical knowledge 
* teachers' opinions on learners' characteristics in science 
* teachers' perceptions on barriers to implementing the primary science 
curriculum 
* teachers' values, beliefs and attitudes towards the primary science curriculum 
* teachers' opinions on the idea of 'pupils as active learners' 
4.2 Factual Data on Samples 
The swnple in the quantitative study consisted of 578 teachers working in seven of 
the states in Malaysia. Questionnaires were sent to 373 schools, two questionnaires 
for each. The total number of questionnaires sent out was 746, generating a return of 
578 (77.5%). Table 4.0 shows some factual data on the sample. Of 578 returns 
41.5% are from male teachers and 58.7% are from females. The majority of teachers 
in primary schools are in the age group 20-35. The qualification that the majority 
(52.8%) holds is the Malaysian Certificate of Education, after form five of secondary 
education. 
Since most teachers are aged between 20-35, it is not surprising that their teaching 
profile is as indicated. Their science teaching experience is spread, with some 40% 
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teaching the subject for four years or more, i. e. since the implementation of the 
curriculum. Only about a third (31.8%) took the science option during their teacher- 
training course/programme. However 64.2% of the respondents had attended an in- 
service course on primary science, and of these 291 (78.4%) teachers had taken a 
non-science option and 80 (21.6%) the science option (Table 4.1 a). 
Items ESEMCS N IV. 
I (sex) Male 240 41.5 
Female 338 58.5 
2 (age) 20-25 117 20.2 
26-30 145 25.1 
31-35 174 30.1 
36-40 84 14.3 
4145 45 7.9 
>46 13 2.2 
3 (qualification) LCE (Lower Certificate of Education) 2 0.3 
MCE (Malaysian Certfficate of Education) 305 52.8 
HSC (Higher School Catificate) 242 41.9 
DIPLOMA 29 5.0 
4 (teaching experience) <1 Year 17 2.9 
1-5 Years 242 41.9 
6-10 Years 125 21.6 
11-20 Yom 168 29.1 
>20 Years 26 4.5 
5 (science teaching <1 Year 46 8.0 
experience) I Year 76 13.1 
2 Years 119 20.6 
3 Years 106 18.3 
4 Years 103 17.8 
>4 Years 128 22.1 
6 (option during teacher Science 184 31.8 
training) Non-science 394 68.2 
9 (in-service course Yes 371 64.2 
attended) No 207 35.8 
Table 4.0 Teachers' profiles and science backgrounds 
The 207 teachers who have not attended in-service course are almost equally divided 
between science and non-science option takers: 104 (50.2%) and 103 (49.8%) 
respectively (Table 4.1). 
Science Non-Science Total 
Option Option 
in-service Yes count % within in-Service 80 291 371 
Attended Attended 21.6% 79.4% 1001ye 
No Count % Within In-Scrvice 104 103 207 
Attended 30.2% 49.9% 100% 
Total Count % Within In-Service 1" 394 578 
Attended 31.8 6 10 (Me 
Table 4.1 A cims-tabulation of teachm attending in-service courses in primary science with the option taken during 
teacher training 
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Hence most teachers teaching science in primary schools are teachers with a non- 
science background. Those having taken the science option are newly qualified 
teachers, since the science option has only been available to those qualifying since 
1997, two and a half years after the new curriculum's implementation. 
N Items % 
Responses 
Yes No 
574 7(a) art 40.1 59.9 
574 7(b) Malay language 31.7 68.3 
573 7(c) English language 7.0 93.0 
574 7(d) Islamic religion studies ' 
0.9 99.1 
. 574 living skills 7j; ) 13.2 86.8 
574 7(f) local studies 24.4 75.6 
574 7(g) maths 36.4 63.6 
574 7(h) moral education 4.0 96.0 
574 7(i) music 14.5 85.5 
574 1 76)physical education 39.0 61.0 
Table 4.2 Other subjects taught by the respondents 
Table 4.2 shows that the majority of teachers also teach art (39.8%), Malay language 
(31.5%), maths (36.2%), and physical education (38.3%). Primary school teachers in 
Malaysia are considered generalists, a situation similar to that in England and Wales 
when the National Curriculum was implemented (Bennett and Bisset 1993). 
Year group Responses N % 
Year 4 Yes 273 47.2 
No 305 52.8 
-Vear 5 Yes 329 56.9 
No 249 43.1 
Year 6 Yes 367 63.5 
No 211 36.5 
Table 4.3 The distribution of the respondents' science teaching in Years 4,5 and 6 
A majority of the respondents teach Year 6. In the primary school, Year 6 is 
considered the most crucial year for pupils as well as for teachers, since it is the final 
year before children enter secondary school. It is also crucial because there is a 
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national exam for pupils and the results are used for selection to good boarding 
schools and other prestigious secondary schools. As such. 'Year 6 teachers 
concentrate on achieving good results, since this is also a benchmark of the teachers' 
performance. Science is one of the key subjects in the Year 6 examination. 
4.3 Teachers' Views and Perceptions of Primary Science Objectives 
(Section 2- Item 10,11 and 12) 
The primary science objectives as stated in the syllabus are to give pupils the 
opportunity to: 
W develop thinking skills to increase intellectual capability, 
(ii) increase interest in the environment; 
(iii) develop scientific skills in an inquiring manner; 
(iv) appreciate the orderliness of the universe; 
(v) gain knowledge and understanding of scientific concepts and facts in order to 
understand themselves and their environment; 
(vi) develop the ability to solve problems and make responsible decisions; 
(vii) increase their ability to cope with the latest contribution and innovations in science and 
technology; 
(viii) practice good moral values and scientific attitudes in everyday life; 
(ix) appreciate the contributions of science and technology for the welfare of man. 
item 10, N---578 
no not very very extreffiely 
Importance Important not sure Important Important 
pso-(1) diinking 
wo . 
3% 3% 2.4% 36.5% 61.4% 
pso, (iiýminterest . 3% 1.7% 3.5% 48.4% 47.9% 
pso (iji)- 
science process . 3% 2.2% 9.3% 51.2% 36.9% 
PSO(IV)- 1.4% 3.3% 12.3% 53.3% 29.8% 
univwse 
pso (+ science 
concepts . 
5% 1.2% 3.3% 41.7% 53.3% 
pso (vi)- problem 
solving abW . 
3% Z1% 10,9% 47.6% 39.1% 
PSO 
(vii)contribution 
. 2% 6.1% 23.2% 47.4% 23.2% 
in s&t 
pso(viii)-sc 
aft. 9values . 
3% 
I 
1.4% 8.3% 45.3% 44.5% 
PSOO+ Opp 
. 9% 4.2% 5.7% 45.1% 44 1% se&tech . 
Table 4.4 Teachers opinion on the Irnportance of primry science objectives (pso) 
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Table 4.4 shows that most teachers agree that all nine objectives are either very irnportant or 
extremely important The fl= objectives, that most teachers feel to be extremely important are: 
o ective i-1.4' o 
objective v- 53.3% 
objective ii - 47.9% 
When asked to rank the objectives in order of importance, teachers judged objective 
(i) to be by far the most important. The following data were obtained (Table 4.5): 
Item 11, N=574 
Objectives Most important 2d Most 
important 
Combination of I"' 
and 2d preferences 
(i) 66.0 8.9 74.9 
(ii) 10.6 7.1 17.7 
(iii) 9.9 28.0 37.9 
(iv) 1.2 1.2 2.4 
(v) 9.8 36.7 45.5 
(vi) 0.7 9.8 10.2 
(vii) 0 1.1 1.1 
(viii) 0.9 5.0 5.9 
(iX)- 0.9 2.3 3.2 
Table 4.5 Teachers' ranking of the importance of the objectives of primary 
science 
Taking the first and second preferences together indicates that objective (v) is seen 
to be the second most important, followed by objective (iii). Objectives (ii) and (vi) 
are somewhat less important to the teachers, with the remaining objectives (iv, vii, 
viii, ix) being seen as much less important. 
Table 4.6, shows that for most objectives ii (71.3%), viii (61.0%) and ix (59.0%) 
were easy to understand and implement, whereas objectives i (57.9%), iii (67.3%), v 
(48.0%), A (56.3%), and vii (51.2%) can be understood but were difficult to 
implement. 
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Item 12 
understand and 
easy to implement 
understand but 
dff=* to 
Implement 
understand but do 
not know how to 
implement do not understand 
obj(i). N=575 34.1% 57.9% 6.60/6 1.4% 
obj(ii). N=575 713% 22.6% 4.9% 1.204 
obj (W), N=575 20.5% 673% 10.6% 1.6% 
obi (iv), N=572 39-3% 34A% 15.90/0 10.3% 
obj (v), N=573 35.3% 48.01/9 12.9% 3.8% 
obj (vi). N=575 32.3% 56.3% 9.2% 2.1% 
obj (vii). N= 578 0 16.3% 51.2% 24.1% 8.3% 
Obj (výi). Na 575 
1 
61.0% 32.701. 521/0 1.0% 
o bj (ix), N=574 59.0% 28.2% 10.4% 4% 2. 
Table 4.6 Teachers vie" on their understanding on the primary science objecWes (obj) and the 
degree of the ciffafty of implementation 
4.3.1 The interpretation of teachers'views andperceptions ofprimary science 
objectives 
Tables 4.4,4.5 and 4.6 show teachers' views and perceptions of the primary science 
curriculum objectives as mandated in the curriculum guide. When teachers receive 
instructions or directives from central government, they believe they must be 
followed and carried out promptly. This lassumption 
is reflected in the questionnaire 
responses. When teachers were asked to state the importance they attach to the 
objectives, all replied either "important' 'or "extremely importanf', even though the 
questionnaires specifically asked them to answer in the context of their pupils' and 
their schools' backgrounds. The implication is that teachers' responses were 
conditioned by the need to be seen to conform to the official directives, in spite of 
the fact that anonymity was assured. Therefore, these responses might not accurately 
reflect teachers' individual practice in the implementation of the objectives. 
However, when they were asked to rank the objectives, it can be seen that not all the 
objectives were given the same degree of importance. In fact, there is a distinct 
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group of objectives which, were perceived to be of much less importance by the 
teachers. As explained earlier, the Malaysian education system has a plethora of 
instructions and directives and teachers subscribe to the ideology that they must 
abide by these directives and they rarely use their discretion in evaluating their own 
practice. Thus, all objectives are marked either "important" or "extremely 
important" despite teachers' own circumstances or their pupils' varying abilities. 
Despite the above, most teachers attach importance to the development of thinking 
skills and to giving pupils the opportunity to gain knowledge and understanding of 
science concepts and facts. This is supported by information in Chart I (section 
4.42), which shows that the role teachers most frequently use in their science lessons 
is that of 'infonnation-giver'. This is despite the fact that the planners suggested that 
the curriculum should be taught using a guided inquiry and constructivist approach. 
Teachers claimed that the development of thinking skills was the most important 
objective, but this conflicts with the finding that they act as information givers. Since 
these two objectives are not mutually exclusive, this may be a consequence of a lack 
of training in science pedagogy. If teachers understand both the science curriculurn 
and the developers' ideas on its delivery, a mismatch between their role and the 
preferred teaching strategy is not inevitable. However, at present teachers' roles do 
not match the suggestions of the curriculum developers; the suggested approach to 
primary science cannot be applied if teachers are mainly information givers in the 
traditional sense. The suggestion is not that this role should be abandoned, but if it 
becomes teachers' normal practice in science lessons, the suggested guided inquiry 
will diminish over time. One of the factors that relate to this issue can be seen from 
teachers' responses on the understanding of the primary science objectives and the 
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question on the degree of implementation (Questions II and 12). Teachers 
understand most of the objectives, but they have some difficulty in implementing, 
especially the following objectives: 
W develop thinking skills to increase intellectual capability; 
(iii) develop scientific skills, attitudes and an inquiring manner, 
(v) gain knowledge and understanding of scientific concepts and facts in order to understand 
themselves and their environment; 
(vi) develop the ability to solve problems and make responsible decisions; 
(vii) increase their ability to cope with the latest contribution and innovations in science and 
technology. 
Thus, teachers find it difficult to implement five out of the nine objectives. This is in 
contradiction to teachers' ranking of the objectives and the role they most frequently 
play in their classrooms. Looking at the objectives, it is clear that, in order to be able 
to implement tbern, teachers need cffective science pedagogical knowledge. 
Another factor of significance in this respect is the teachers' perceptions of pupils as 
6active learners'. The reasons why some teachers claimed that it was not possible to 
apply these ideas in their classrooms are explained in section 4.8. However, there 
can be little doubt that it is the teachers' understanding of how to implement those 
objectives that needs to be addressed. It is their science pedagogical knowledge that 
needs upgrading and supporting (see, for example, Neale et al. 1990, Summers 
1994). Understanding a statement and implementing it need careful deliberation and 
in-depth discussion. Thus, in-service courses which develop teachers' science 
pedagogy need to be provided. Summers (1994) argues that 'an analysis of the 
content knowledge required by teachers is not enough but it is also necessary to 
identify appropriate pedagogical content knowledge in relation to the particular ideas 
and concepts to be taught'. Teachers need more than a mere introduction and 
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explanation of the strategy or methods to be used; they need focused support towards 
a classroom implementation of the strategies. By having demonstration and 
discussion, teachers would be more able to implement the objectives. 
It is unfortunate that the ob ectives that most respondents find difficult to implement j 
are those which are important if pupils are to gain from the science curriculum. The 
objectives which teachers are able to understand and implement easily are those 
which are in the affective domain. They are: (ii) "increase interest in the 
environment', (viii) 'practice good moral values and scientific attitudes in everyday 
life' and (ix) 'appreciate the contribution of science and technology for the welfare 
of mankind'. The teachers' replies, for these objectives, are possibly related to the 
fact that they are not included in the examinations or assessed during the course. 
Therefore, they might be implemented indirectly during the lesson. Ironically, for 
objective (iv), 'appreciate the orderliness in the universe', a high percentage of 
teachers stated that they understood the objective but found it difficult to implement. 
Another objective which does not belong to the cognitive domain is objective (vii), 
'increase their ability to cope with the latest contributions and innovations in science 
and technology'. This also was found to be understood but difficult to implement. it 
might be argued that both of these statements are vague, and that teachers were 
reluctant to admit that they did not understand them, but instead claimed that they 
were difficult to implement. 
one implication is that the objectives need to be made clearer and more precise so 
that the teachers are able to implement the curriculum as intended. The objectives 
for primary science should be revised and categorised in terms of the nature of the 
subject, the methods of scientific inquiry, and the knowledge and understanding 
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pupils should gain - the core importance of the objectives. Motivation, personal and 
moral development, scientific attitudes and value judgements should be 
complementary objectives. Furthermore, these objectives should be written in a way 
that shows the relationships between categories, and this should enhance the 
teachers' understanding. The way in which the curriculum is set out does not show 
the implicit meaning of the statements (Appendix 11). Teachers are required to read 
between the lines to understand the meaning, and sometimes their interpretation will 
not accurately reflect the developers' intent. 
At present the complementary objectives are seen as unimportant. Teachers should 
give prior consideration towards developing these objectives, which determine how 
science can contribute to the pupils' personal and moral values, and they should not 
assume that the complementary objectives are something that can be 'caught' and 
not 'taught'. For example, for personal and moral development, if teachers could 
guide pupils through dialogues in evaluating evidence, making decisions and solving 
problems, this would help pupils to achieve this objective. If all teachers could 
practise this, the complementary objectives would be achieved by the end of primary 
schooling. 
in summary, it is important for Malaysian primary science teachers, either through 
in-service or in initial training, to develop an in-depth understanding of the 
objectives before they are able to teach the subject. As already explained, it is 
common practice in Malaysia when a new curriculum innovation is proposed, for 
short orientation courses to be held to disseminate the new curriculum. The 
objectives will be summarised briefly in a lecture session. This approach needs 
modification, since the evidence shows that teachers find it difficult to implement 
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the objectives due to a lack of understanding. In in-service courses, teachers should 
discuss and debate the objectives continually because new teachers without science 
training are recruited each year. Furthermore, there needs to be an academic 
discussion to develop new perspectives. As the present researcher has experienced 
and also observed, most Malaysian teachers believe in 'restricted professionalism' 
(Hoyle 1980). This means that teaching is confined to the classroom, between the 
teacher and the pupils. Rarely do teachers discuss their teaching with colleagues. 
Pair teaching is only experienced during training. Once teachers graduate, they 
immediately conform to this 'restricted professionalism'. Pedagogy should be 
discussed and debated amongst science educators to obtain a global view of what 
primary science education should be and what pathways are needed to ensure that 
the pupils achieve the science objectives. Once the objectives are fully understood by 
the teachers, they will be internalised and become part of their tacit craft knowledge. 
Cronin-Jones (1991) states that, when new intended curricula are developed, 
teachers should receive some in-depth exposure to the rationale and theoretical 
perspectives underlying the curriculum choice of objectives, content and 
instructional strategies. If teacbers understand why a curriculum addresses certain 
objectives or recommends particular instructional strategies, they will be more than 
willing to try to use the curriculum as intended. Appleton et al. (cited in Biddulph 
and Caff, 1991) found that teachers were unable to construct intended meaning from 
written materials, even though they thought they had done so, and therefore they 
were unable to implement the approach as envisaged by the authors. Their approach 
was influenced by their prior ideas of science, their role as teachers, and their 
assumptions about how children learn. Biddulph (cited in Biddulph and Carr, 1991) 
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found that only a minority of teachers could interpret the written materials and 
implement the interactive teaching approach as intended. He further stated that most 
teachers would require a special in-service course to support them in a change of 
perspective and practice. 
This is consistent with the data in this study, which reveal the difficulties teachers 
experience in implementing the curriculum. The reason seems to be that the time 
given for them to assimilate the new curriculum is too short, and short in-service 
courses do not help. Thus, reading the material from the CDC would not help them 
to construct the intended meaning. This issue must be taken into consideration by 
curriculum developers, and a continuous in-service follow-up programme should be 
prepared for teachers in order to support their instructional and other needs in 
science education. 
4.4 Teachers' Science Pedagogical Knowledge 
In this section, teachers' science pedagogical knowledge are analysed and their 
views on the constructivist approach, the roles teachers play in science classes, their 
general pedagogical knowledge, pupils' organisation in science classes, and the tasks 
given to pupils. 
4.4.1 Teachers' views on teaching strategies (the constructivist approach) In 
science lessons 
item 13 in Section 3 of the questionnaire used 12 criteria to determine teachers' 
responses to the constructivist approach. They are: 
WI always use open-ended questions to encourage my pupils to elaborate their responses, 
It -is difficult for me to encourage questions and ideas from my pupils to direct lessons; 
it is difficult to promote pupils' leadership qualities as a result of the teaming process; 
(iv) I encourage my pupils to use alternative sources of information both from written materials 
and experts; 
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(V) I encourage my pupils to test their own ideas, i. e. by answering their questions, their guesses 
as to cause, and their predictions of certain consequences; 
(vi) I think it is not necessary to encourage my pupils to challenge each other's conceptualisation 
and ideas; 
(vii) I always make sure that my pupils have adequate time for reflection and analysis after each 
science lesson; 
(viii) I find it difficult to use all the ideas my pupils generate during a teaching session; 
(ix) I respect all ideas my pupils generate; 
(X) I find it difficult to encourage my pupils to collect real evidence to support their ideas; 
(xi) I am not able to determine if my pupils are able to reformulate their previous ideas; 
(Xii) I often use co-operative teaming strategies that emphasise collaboration, respect, tolerance, 
individuality, and the use of division of tabour tactics. 
The following data were obtained (Table 4.7): 
Item 13 
strongly 
disaRree disagree not sure agree 
strongly 
agree 
ca(i), N=578 . 9% 2.6% 2.8% 47.9% 45.8% 
ca(ii), N=578 
_3.1% 
26.5% 14.7% 46.4% 9.3% 
ca(iii), N=578 2.6% 30.3% 11.8% 46.0% 9.3% 
ca(iv), N=578 . 7% 5.0% 12.6% 59.7% 22.0% 
ca(v), N=578 . 5% 8.0% 11.6% 56.4% 23.5% 
ca(vi), N=578 15.7% 52.6% 21.1% 9.0% 1.6% 
ca(vii), N=577 . 3% 6.2% 27.0% 54.7% 11.8% 
ca(viii), N=577 5.4% 41.4% 23.1% 26 . 5% 3.6% 
ca(ix), N=577 . 3% 2.2% 4.2% 59.2% 34.1% 
ca(x), N=578 4.8% 29.8% 15.2% 43.9% 6.2% 
ca(xi), N=576 3.0% 31.4% 37.2% 24.5% 4.0% 
1 ca(xii), N=573 1.2% 4.0% 7.5% 52.5% 34.7% 
Table 4.7 Teachers' views on the constructivist approach (ca - children's attribute) 
47.9% of respondents claim to use open-ended questions to encourage pupils to 
elaborate their responses and a further 45.8% agreed strongly. However, 46.4% 
claim that it is difficult for them to encourage questions and elicit ideas from their 
pupils. 
It is difficult for many teachers (46.0%) to promote leadership qualities in the 
learning process. 59.7% teachers state that they encourage pupils to use alternative 
sources of information but most teachers (43.9%) find it difficult to encourage their 
pupils to collect real evidence to support their ideas. 56.4% of teachers encourage 
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pupils to test their own ideas. Many teachers (52.6%) disagree that it is unnecessary 
for pupils to challenge each other's ideas. 41.3 % teachers disagree that they have 
difficulty in using all ideas pupils generate, and a majority (59.2%) of teachers 
respect all ideas generated by pupils. 54.7% of teachers think that pupils should have 
adequate time for reflection and analysis after each lesson. Furthermore 37.2% of 
teachers are not sure whether they can determine if their pupils have reformulated 
their previous ideas, but 34.4 % think they can and 28.5% that think they cannot. 
87.2% of teachers agree or strongly agree that they often use co-operative learning 
strategies. 
One of the approaches to primary science suggested by the curriculum developers is 
the constructivist approach. In fact, Module 12- 'Teaching and Leaming Strategy 
(III)' has been developed by the Malaysian CDC to help teachers use this approach. 
However, the evidence from the data suggests that the effectiveness of this module 
must be doubted. From the data, it can be interpreted that most respondents, when 
asked about aspects of teaching strategy based on the constructivist model (see also 
Yager, 199 1), agree with the criteria of the model. However, the responses to two 
criteria show that their views do not help them to move towards a constructivist 
approach. 46.4% of respondent state that it is difficult for them to encourage 
questions and ideas from their pupils in order to direct lessons. This conflicts with 
their views on encouraging pupils to test their own ideas (56.4% claim they offer 
such encouragement). In order to test their own ideas, pupils must first generate 
ideas, and if teachers cannot encourage this, the lesson becomes teacher-centred. 
This implies that the model is not being applied. Another piece of contradictory 
evidence is that teachers do not find it difficult to use all the ideas' pupils generate. 
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Thus, there should be no difficulty in eliciting pupils' ideas in order to direct the 
lesson. Answers to criterion (xi), 'I am not able to determine if my pupils are able to 
reformulate their previous ideas', also cast some doubt on whether respondents are 
actually using the constructivist approach. 28.4% of teachers agree and a further 
37.0% are not sure. This is central to the constructivist learning model, and it is 
important for teachers to determine this to see whether meaningful learning has 
occurred. If pupils are able to reformulate their previous ideas, then they are 
correcting their alternative frameworks or misconceptions. 
The argument that the teachers are not moving towards constructivism. is 
strengthened by criterion (x), where 43.9% of respondents agree that they find it 
difficult to encourage their pupils to collect real evidence to support ideas. This is 
related to criterion (ii), where teachers find it difficult to encourage pupils' own 
ideas in order to direct the lesson. In the constructivist model, pupils are the main 
participants in the learning process. Thus, when teachers claim that they find it 
difficult to promote pupils' leadership qualities, there are two implications. First, 
pupils are too teacher-dependent and most learning will result from teacher direction 
or instruction. Secondly, teachers' beliefs that pupils are not able to carry out 
activities on their own show that teachers underestimate the potential of their 
children. Data for the remaining questions (criteria ii, vii, ix, xii) imply that science 
teaching is learner- centred, as encouraged in the curriculum guide. The evidence on 
using co-operative learning supports this. Asking questions and respecting pupils' 
ideas are considered to have been applied during the introduction to a lesson, when 
teachers explore pupils' prior knowledge. However, the ideas are not followed up or 
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used when teachers have already prepared worksheets and questions for pupils to 
answer. (This was seen in all the classroom observations). 
This evidence strongly indicates the help that teachers need in instructional 
techniques if, as the Ministry of Education hopes, the constructivist approach is to be 
implemented. If Malaysia hopes to become a centre of excellence in education, then 
the basic pedagogic needs of primary science teachers must be supported. As 
discussed earlier, written material alone cannot ensure that teachers implement the 
intended curriculum. There have been many articles and research reports on the 
constructivisit approach in science teaching and Malaysian primary science teachers 
need to be given accurate insights into this approach, including classroom 
applications. Teachers could discover the approach in a meaningful way if they 
themselves went through the process during training. 
4.4.2 Teachers' roles in science lessons 
Table 4.8 shows the roles teachers play in science lessons. 
Item 14 (a), N=577 
Roles Responses % 
Facilitator Yes 90.5 
No 9.5 
Information giver Yes 91.5 
No 8.5 
Motivator Yes 88.2 
No 11.8 
Classroom controller Yes 75.0 
No 25.0 
Researcher Yes 51.6 
No 48.4 
Class manager Yes 73.0 
1 No 27.0 
Table 4.8 Roles teachers play in science classes 
With the possible exception of 'researcher', teachers consider all the roles to be very 
important, with those of facilitator, information giver and motivator being 
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predominant. When teachers are asked to choose which role they play most often in 
science, their responses are as in Chart 1. 
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Chart I The roles teachers play in science class 
That most respondents play the role of information giver conflicts with the role 
teachers should play in the constructivict learning model. According to Driver and 
Oldham (1986): 
'Unlike the dominant conception of a teacher's role, &he is viewed not as a 
transmitter of biowledge but as someone whofacilitates conceptual change by 
encouragingpupils to engage actively in the personal construction of meaning. - in 
order to do this there need to befrequent opportunitiesfor pupils to make their 
ideas explicit and to communicate them. '- (p. 116) 
The importance of the role of facilitator is also emphasised by Scott, Dyson and 
Gater (1987), who state: 
'From the constructivist perspective, the role of the teacher is modified No longer 
does the teacher play the part of 'ýpuryeyor of knowledge ". The teacher's role 
becomes one of &agnoslician. prescriber of appropriate learning activities awl 
facilitator of learning. ' (p. 16) 
This also supported by Sutherland and Boyes (1993), who point out that: 
'7he constructivist approach requires that the teachers be other than that of a 
hestower of knowledge. It means that the teacher must shift attention more 
ftequentlyftom the whole class to the individualpupils, resulting in greater 
awareness by the teacher of individual needs and differences. ' (p. 74) 
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Most frequent role use in science lesson 
These views on constructivist learning imply that teachers' roles must be modified 
so that they are no longer predominantly transmitters of knowledge. Thus, when 
most Malaysian teachers claimed that they are information givers, there is evidence 
that they are not moving towards this learning model (question 13). The second most 
frequent role is that of facilitator. Teachers assume that this role only involves 
providing suitable experiences from which children can learn., and setting up a 
structured activity for them to be involved in during learning. However, being a 
facilitator should involve more than this. It should comprise the roles of enabler, 
manager, presenter, adviser, observer, challenger, respondent and evaluator 
(Sutherland and Boyes 1993). Thus Malaysian primary science teachers must 
redefine the meaning of the role of facilitator if they aspire to move towards a 
constructivist learning model. Claiming that they are using the facilitator role is not 
enough to imply a constructivist approach. It is misleading to equate the 
constructivist approach with the role of facilitator. This goes some way to explain 
the apparent contradictions in the questionnaire data. 
4.4.3 Teachers'opinions on generalpedagogical knowledge 
59.3% of teachers are of the opinion that their schools have sufficient science 
reference books, but 40.7% claim otherwise. On the other hand, 62.5% of teachers 
maintain that they do not have enough science equipment and materials, with only 
37.5% claiming they have enough. These figures indicate that many, if not most, of 
Malaysian schools still lack sufficient books, equipment and materials. An ideal, in 
order for pupils to handle equipment and materials, would be enough for each pair of 
pupils. Having only one set of equipment for 6-8 pupils in a group defeats the 
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purpose of practical science activity - only one or two pupils would actually be 
engaged in the activity. This was often seen during the classroom observations. 
Primary schools need support for science education not only from the Education 
Ministry but also from the wider community, parents and industrial concerns. 
Schools should develop a close relationship with these sectors for resource provision 
and for pedagogical reasons. In the UK, for example, a large number of organisations 
support science education. Dengate (1999) divides these organisations into five 
categories: 
" professional bodies and association whose aim is to support teachers [for example: Geological 
Society, Geologists Association, Institute of Biology (IOB)I, 
" learned societies whose aim is to support scientists [for example: Royal Society, Royal Society 
of Edinburgh (RSE), Institute of Physics], 
" commercial, industrial and governmental organisations whose scientific activities generate 
material relevant to science education, some of whom seek to influence what is taught to meet 
their aims [for example: Council for Science and Technology (CTS), Office of Science and 
Technology, Engineering and Physical Sciences Research Council (EPSRC)]; 
" special interest groups and charitable bodies who seek to promote their aims through 
influencing what pupils are taught [for example: Association for Science Education - ASE, 
Earth Science Teachers' Association - ESTA, BAYS Science Club - British Association for 
the Advancement of Science: Youth Section]; 
" commercially based organisations that sell services to science educators [for example: BP 
Educational Service (BPES), BT Education Service, Shell Education Service] 
As Malaysia is still a developing country, support from the Ministry of Education is 
very limited for many primary schools, and as the system of education is centralised, 
support comes from only one source, resulting in limited resources for any one 
school. Since science is considered a core subject for all pupils, extra resources are 
essential. In the UK, for example, education is also the responsibility of the Teacher 
Training Agency (TTA); the Qualification and Curriculum Authority (QCA); and the 
Department for Education and Employment (DfEE) as major funding bodies. 
Another effective national agency is the Manpower Services Commission (MSC), 
which gave funds to schools via a branch of the Department of Trade and Industry 
(Blenkin, Edward and Kelly 1992). 
142 
4.4.3.1 Teachers use ofscience roonzs in their schools 
According to our research findings, a small majority of teachers (56.2%) use the 
science room often, 37.5% use it for part of their teaching and 6.1 % do not teach 
science in a special room. The majority of teachers agree or strongly agree that these 
are good reasons for teaching in specialised room (Table 4.9). 
N Items Respýnses % A+SA 
554 19(a) easy access to science equipment Strongly disagree (SD) 1.7 
and material Disagree (D) 7.6 
Not sure (NS) 6.6 
Agree (A) 44.3 79.9 
Strongly agree (SA) 35.6 
555 19(d) easy control of pupils during Strongly disagree (SD) 1.7 
activities Disagree (D) 7.1 
Not sure (NS) 5.9 
Agree (A) 55.4 81.4 
Strongly agree (SA) 26.0 
555 19(c) availability of teaching aids Strongly disagree (SD) 1.6 
Disagree (D) 8.1 
Not sure (NS) 7.3 
Agree (A) 50.0 79.1 
Strongly agree (SA) 29.1 
554 19(b) arrangement of chairs and desk-S Strongly disagree (SD) 1.7 
Disagree (D) 7.6 
Not sure (NS) 5.0 
Agree (A) 45.5 81.5 
Strongly a ee (SA) 36.0 
Table 4.9 Teachers reasons for using the science room 
Teachers' responses to possible reasons for not using a specialised room, either for 
some lessons or never were as in Table 4.10. 
N Items Responses % A+SA 
568 20(a) no science room available Strongly disagree (SD) 57.2 
Disagree (D) 30.5 
Not sure (NS) 1.2 
Agree (A) 4.9 11.1 
Strongly agree (SA) 6.2 
568 20(b) it is used as store room Strongly disagree (SD) 33.3 
Disagree (D) 27.6 
Not sure (NS) 3.7 
Agree (A) 26.6 35.4 
Strongly agree (SA) 
_.!. 
8 
568 20(c) the science room is too small Strongly disagree (SD) 32.6 
Disagree (D) 34.0 
Not sure (NS) 3.5 
Agree (A) 19.5 29.9 
Strongly agree (SA) 10.4 
568 20(d) it is difficult to control pupils Strongly disagree (SD) 38.4 
Disagree (D) 43.5 
Not sure (NS) 3.9 
Agree (A) 11.3 14.3 
Strongly apxee (SA) 3.0 
Table 4.10 Teachers reasons for not using the science room 
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This can be partly be explained by the fact that most schools have renovated 
classrooms for science use (except for newly built schools), and classroom 
observations confirmed that the modified classrooms were very crowded with an 
average of 3845 pupils doing science. However, despite this, most teachers still feel 
happy using the science room. Most teachers will make do with whatever facilities 
are available. 
4.4.3.2 Teachers'organisation ofpupils in science lessons 
(Section 5- Item 21,22,23,24) 
Item 2 1, N=576 
Responses % 
(a) Always in small group, no whole class teaching 5.2 
(b) Mostly in small group, some whole class teaching 35.6 
(c) Mostly whole class teaching, some small group work 57.1 
(d) Always as a whole class, no small group work 2.1 
Table 4.11 Teachers organisation of pupils in science lessons 
The majority of teachers (59.2%) always (2.1%), or most of the time (57.1%), 
undertake whole class teaching, while a sizeable minority (40.8%) organise group 
work, either always (5.2%) or for most of the time (35.6%) (Table 4.11). 
The most frequent role of the teachers (Table 4.12) is that of 'infonnation giver' 
(49.6%), and 57.2% of teachers assume this role through whole class teaching or 
group work. This implies that they find it easier to impart science content in this 
way 
According to our research findings, pupils are taught science in mixed ability groups. 
45.0% of teachers group children by ability, and 61.6% of teachers group pupils in 
science lessons in this way. The benefit of mixed ability grouping for effective 
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learning in science is discussed by Howe (1990) in her studies of the composition of 
groups pupils aged 8-12 in the UK: 
'Looking at the changeftom the pre-tests to those post-tests which were a&nmistered 
several weeks after the group task, it is clear that onfive out of six comparisons the 
childrenftom the differing groups progressed more than the childenfton: the similar 
groups. Moreover, when the differing groups contained children whose level of 
understanding vaTiei4 the more advanced children progressed as much as the less. nis 
being the case. wefell our resullsprovide reasonably consistent evidencefor the task 
being more effective with differing groups. '(p. 27) 
Howe (1990) showed that with groups of children of differing abilities, pupils could 
work together co-operatively. This is supported by the qualitative data of the present 
study. 
PuPiW Organiaati in science I 
mostly in 
always in small madly as a always as a 
Small VX)UP. groups, whole whole 
no whole some CIM16 soma Glask no 
Class whole dass small Small 
teaching teaching group work orout) work Total 
most frequent role fibcad"Or Count 9 99 99 1 207 
teachers play in % within 
science lesson claaffoom 30.0% 48.9% 30-3% 8.3% 36.3% 
4weanisation 
information Count 14 72 197 10 283 
giver % within 
classmom 46.7% 35.811 57.2% 23.3% 49.6% 
organisation 
motivator Count 6 16 26 49 
%within 
classroom 20.0% 8.0% 9.0% 3.4% 
organisalion 
Glass Count 5 3 10 
"Xitroller %within 
Classroom 2.5%' 1.5% 1.9% 
I organization I 
researcher Count 6 2 
%within 
Classroom 3.0% . 3% 9.3% 1.4% 
orpni"fi- 
classroom Count 1 4 9 14 
manager % within 
classroom 3.3% 2.0% 2.8% 2.5% 
organisation I I 
Total court 30 1 201 1 327- 1-- -12 370 
%Within I 
classro om, 
E 
100.0% 100.0% 100.0% 100.00/f 100.0% 
Table 4.12 A cross-tabulation of teachers' roles and classroom organisation in science classes 
The reason that most teachers gave during the interviews for having different 
abilities in a group was that the low-ability pupils would benefit from those of higher 
ability. Thus they would not be left behind, as they might be if put together in a low- 
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ability group. Perhaps teachers perceive that preparing the same task for the whole 
class is easier to plan and more appropriate for the pupils. This is in contrast to the 
situation in the UK, where differentiated work is seen to be essential (for example, 
DES 1985, Naylor and Keogh 1997,1998a, 1998b Harrison, Simon and Watson 
2000). Schilling (1993) argues that decisions about group composition are the 
teachers' responsibility, and it is important to consider whether to use friendship, 
ability, gender or social and cultural background as a criterion for asking children to 
work together. The implication is that teachers' should be flexible in their approach 
to group composition, taking account of the nature of the activity, the resources 
available and the needs and abilities of individual children. 
4.4.4 Tasks given by teachers to pupils In science lessons 
Our results show that 91.0% of teachers give all their pupils the same tasks to take 
forward as far as possible and 83.7% give all pupils the same science activities to 
carry out (Table 4.13). 
Item 24(i) 
N Item Responses % 
Yes No 
577 24(a) All pupils are given the same activities 83.7 16.3 
576 24(b) Pupils always generate their own activities 35.2 64.8 
777 24(c)The starting points are the same, but pupils develop activities in an 
individual direction 
67.6 32.4 
577 24(d) Pupils are given modified tasks according to their ability 48.7 51.3 
577 24(e) All pupils are given the same tasks and take them foward as far as 
possible 
91.0 9.0 
Table 4.13 Tasks given by teachers to pupils in science lessons 
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As Table 4.13a shows 45.5% of teachers state that, most frequently, the same tasks 
are given to pupils to take them forward as far as possible. 
Item 24 (ii), N=574 
Responses % 
(a) All pupils are given the same activities 27.7 
(b) Pupils always generate their own activities 1.7 
(c)The starting points are the same, but pupils develop activities in an 
individual direction 
16.2 
(d) Pupils are given modified activities according to their ability 8.9 
(e) All pupils are given the same tasks and take them forward as far as 
possible 
45.5 
Table 4.13a Most frequent task given by teachers to pupils in science lessons 
Table 4.14 shows a cross-tabulation of the most frequent role teachers play and the 
most frequent type of task they give to pupils. 
m ft"uerd task a tvan to "Is science lessm FT) 
a b c d 0 Total 
-rn-W frequent role -fialitator court 50 5 30 17 104 206 
teachers play In % within FT 31.6% 50.0% 32.6% 34.0% 40.3% 36.3% 
scierm lesson information Court 89 4 46 26 117 282 
giver % within FT 58.3% 40.0% 50.0% 52.0% 45.3% 49.6% 
motivator court 9 1 14 3 21 48 
%within IFT 5.7% 10.0% 15.2% 6.0% 8.1% 8.5% 
class court 2 1 2 6 11 
controller %within FT 1.3% 1.1% 4.0% 2.3% 1.9% 
researcher Court 3 2 2 7 
%within IFT 1.9% 4.0% . 8% 1.2% 
classroom Court 5 1 a 14 
manager % within IFT 3.2% 1.1% 3.1% 2.5% 
Total Court 156 10 92 50 256 568 
% within IFT 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
Table 4.14 A cross-tabulation of teachers' most frequent role and pupils' frequent 
task 
a -All pupils are given the same activities 
b -Pupils always generate their own activities 
c -The starting points are the same, but pupils develop activities in an individual direction 
d -Pupils are given modified activities according to their abilities 
e -All pupils are given the same tasks and take them forward as far as possible 
Most teachers (56.3%) adopt the role of information giver and give all pupils the 
same activities. This is in conflict with the role advocated by the constructivist 
approach. The data confirm teachers' understanding of the principles underpinning 
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the curriculum. Teachers know that pupils should be given a range of tasks, but the 
traditional belief that pupils should be given a high science content is widely held. 
Hence, the high percentage of teachers in the 'information giver' role. 
Giving the same activities to all pupils and ending with the same conclusion (as 
observed in classrooms) contradicts the claim that pupils will be taken to the limits 
of their abilities. 
The majority of respondents organise pupils mainly for whole class teaching with 
some small group work (Table 4.11), implying that science teaching is less geared to 
individual needs. This suggests that teachers are not actually taking pupils to the 
limits of their abilities. This is supported by classroom observations: all the lessons 
observed began with teachers explaining what pupils should be doing in their 
common experiments. A further implication emerging from this data is that pupils 
are streamed according to their overall ability, and so pupils in each class are 
assumed to be of the same ability. Hence the activity prepared is the same for the 
whole class. 
4.5 Teachers' Opinions about Learners' Characteristics 
Item 25 in section 6 of the questionnaire used 12 criteria to determine teachers' 
opinions about the following learners' characteristics. The child should be able to: 
W develop critical and discriminating attitudes; 
(ii) understand all scientific concepts taught by teachers; 
(iii) handle scientific materials and specimens properly; 
(iV) memorise concepts taught in preparation for their national examination (UPSR); 
(v) use scientific drawing with great accuracy; 
(vi) talk about his own and others' opinion&rideas in a reasonable way-, 
(vii) develop creativity and inventiveness in some fields; 
(viii) convey hiAer meaning clearly and accurately during discussions; 
(ix) know some simple and basic process skills such as observation, prediction, making inference, 
classifying and communication; 
(X) acquire knowledge and information from written materials, for example summarising, taking 
notes accurately, using the library and computer; 
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(xi) show a set of scientific values on which to base his/her behaviour, for example honesty, 
sincerity and personal responsibility, tolerance, respect, appreciating others, their feelings, 
views and capabilities; 
(xii) plan independent work where s/he is capable of using the integrated science process skills 
such as making hypotheses, manipulating variables, analysing information, self-experimenting 
and organising his/her own time. 
Table 4.15 shows teachers opinions on the importance of the various science skills 
for pupils. 
Item 25 
the skill is 
the skill is of relatively 
very the skill is minor the skill is 
important important importance unim nt 
pe I -critical & 38.0 52.2 8.3 1 6 discriminating attitude . 
pc2-11nderstand all 50.6 42.5 5.9 1.0 
science concepts 
pc3-handle science 
materials & speci 40.4 53.2 5.7 .7 
properly 
pc4-memonse concepts 23.3 41.1 29.5 6.1 
pc5-use scientific drawing 
accurately 
12.0 52.9 30.7 4.5 
pd)-talk about his and 
other's opinions 16.5 62.6 18.8 2.1 
reasonably 
pr. 7-creatlve&iaventive 18.8 56.0 22.3 3.0 
pc8-oonvey meaning 
accurately 
30.6 60.2 7.8 1.4 
pc9-Imow simple basic 
science process skills 
1.2 27.4 .7 .7 
pr. 10-acquire knowledge 
& informatiori 23.2 
61.9 12.8 2.1 
PC II -show scientific . 
values 
35.7 54.9 8.5 .9 
pc 12-independent work 
using integuted science 36.7 53.2 8.8 1.2 
process skills 
Table 4.15 Teachers' opinions on the importance of the science skills that should be 
achieved by pupils (pc - pupil characteristics) 
Almost all teachers agree that the various skills are either important or very 
important. However, skills (iv) 'memorise concepts taught in preparation for their 
national examination (UPSR)', (v) 'use scientific drawing with great accuracy' and 
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(vi) 'talk about his own and others' opinions/ideas in a reasonable way' are 
perceived to be somewhat less important. 
When the teachers were asked to rank the skills in order of importance, the data 
shown in Table 4.16 were obtained. The first, second and third preferences taken 
together indicate that science skill (ix) 'the child should know some simple and basic 
science process skills such as observation, prediction, making inference, classifying 
and communication' is seen to be the most important skill, followed by skill (xii) 
'the child should be able to plan independent work where s/he is capable of using the 
integrated science process skills such as making hypotheses, manipulating variables, 
analysing information, self- experimenting and organising his/her own time is seen 
as the second important skill. Skill (ii) 'the child should be able to understand all 
scientific concepts taught by the teacher' is ranked third in importance. 
item 26 
Pupils' characteristics-: N=576 N=573 N=573 Combination 
Most 2'd imp. Pimp. of 1'ý, 2'd, P 
imp. Skill preferences 
Skill (2) (3) 
The child should be able to: 
i develo critical and discriminating attitudes 10.8 9.1 6.5 26.4 
(ii)understand all scientific concepts taught by teachers 20.1 17.6 7.5 45.2 (3) 
(iii) handle scicritific materials and specimens properly 2.3 4.0 7.7 14. 
(iv)mcmorise concepts taught in preparation for their national 3.5 3.8 4.4 11.7 
examination (UPSR) 
(v) use scientific drawing with great accuracy 0.3 1.2 1.5 
(vi) talk about his own and others' opinions/idcas in a reasonable 0.5 0.7 1.9 3.1 
way 
-- tivcness in some fields 0.5 2.3 3.0 5.8 
(viii) convey his/her meaning clearly and accurately during 1.0 3.3 3.5 7.8 
discussions 
(ix) know sonic simple and basic process skills 44.1 24.2 10.5 78.8*(1)- 
LX, ) Lcguire knowledge and information from written materials 1.4 6.6 12.0 20.0 
- (xi) show a set of scientific values on which to base his/her 3.1 12.6 15.5 31.2 
behaviour 
(xii) plan independent work where s/he capable of using the 12.3 15.5 26.4 54.2 * (2) 
in I I I I 
Table 4.16 Teachers ranking of importance of science skills for pupils 
ISO 
4.5.1 Interpretation of teachers' opinions on learners' characteristics 
This is further evidence that teachers' evaluation of their practice is not based on the 
needs of the pupils they are teaching but reflects the aim of the curriculum guides. 
The ranking of skills as 'important' or 'very important' does not reflect teachers' 
experience of science teaching in their schools in accordance with their pupils' 
backgrounds. The skills outlined by the curriculum developers are as follows (with 
the addition of number (iv) by the researcher): 
(i) Develop critical and discriminating attitude; 
(ii) Understand all scientific concepts taught by teachers; 
(iii) Handle scientific materials and specimens properly; 
(iv) Memorise concepts taught in the preparation for their national examination; 
(v) Use scientific drawingwith great accuracy, 
(vi) Talk about his own and other's opinions/ideas in a reasonable way; 
(vii) Develop creativity and inventiveness in some field; 
(viii) Convey his meaning clearly and accurately during discussion; 
(ix) Know some simple and basic science process skills such as observation, prediction, making 
inference, classifying and communication; 
W Acquire knowledge and information from written materials, for example summarising, taking 
notes accurately, using the fibrary and the computer; 
(xi) Show a set of scientific values on which to base his behaviour on, for example: honesty, 
sincerity and personal responsibility, tolerance, respect, appreciating others, their feelings, 
views and capabilities; 
(xii) planned independent work where he/she is capable of using the integrated science process 
skills such as making hypotheses, manipulating variables, analysing information, self- 
experimenting and organising his/her own time. 
In fact, there are only two types of pupils' characteristics that teachers regard as very 
important: (ii) 'pupils should understand all scientific concepts taught by teachers' 
(50.6%) and (ix) 'pupils should know the simple basic science process skills' 
(71.2%). Interestingly, the second of these is seen as more important than the first. 
This analysis reflects the exam format of the national examination in Year 6. For 
science, the exam has two parts. Part one consists of questions on content and part 
two has questions on science process skills. Inevitably, this arrangement influences 
teachers' views on the importance of these two characteristics for their pupils. For 
example, it explains the importance they attach to pupils memorising the concepts 
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taught in preparation for the national examination (64.4% - Table 4.15). This 
indicates that teachers' understanding and beliefs about science teaching are greatly 
influenced by exam-orientated attitudes. This is discussed further in the analysis of 
the classroom observation (section 5.6). Teachers' statement that concept 
memorisation is important contradicts their views on the importance of other 
characteristics. Teachers know that other skills are highlighted by the curriculum 
developers, but their responses indicate that the curriculum is not being implemented 
as intended. 
When teachers were asked to rank skills, the ranking given was very much confined 
to science process skills. However, in the 'most important' skill category, two groups 
of teachers emerged: those who believe that pupils should understand the science 
concepts taught (20.1%) and those who believe that the simple science process skills 
should be gained (44.1%). This result supports the above argument. However, when 
the first, second and third preferences are combined, the first and the second most 
important skills are selected from within the science process skill domain (Table 
4.16). The third important skill is the understanding of scientific concepts taught by 
teachers. This implies that these primary science teachers believe that pupils should 
be able to achieve the science process skills and science concepts in their science 
lesson by the end of their primary schooling. But this raises the question of whether 
the science process skills are actually developed in the way envisaged. This issue 
will be discussed later in the analysis of the classroom observation (section 5.7). 
Further evidence to support the argument that teachers believe pupils should 
understand all concepts taught and that pupils should be able to memorise these 
concepts is seen in the cross-tabulation in Table 4.17. It is found that the 
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'infonnation giver' (64.6%) tends to think that pupils needs to memorise concepts as 
an important science skill. The 'facilitator' (63.7%) also agrees that this skill is 
important. A second ranking given to objective (v)' pupils should gain science 
knowledge and concepts' supports the above result. This implies that despite the role 
teachers' play, 'memorising science concepts" is considered important in order to 
gain science knowledge. 
leach 'most feq uent role( ) 
a b C d e Total, 
pupil charactAntics the skill is count 33 71 14 4 5 4 131 
(iv)-memorise concepts very important % within 
FR 15.90/0 25.2% 29.2% 36.4% 62.5% 28.6% 23.0% 
the skill is Count 99 111 15 4 2 6 237 
important % within 
FR 47.8% 39.4% 31.3% I 
36.4% 25.0% 
I 
42.9% 41.6% 
the skill is of Count 61 84 16 2 1 4 168 
relatively minor % within 
importance FR 29.5% 29.8% 33.3% 18.2% 12.5% 28.6% 29.5% 
the skill is Count 14 16 3 1 34 
unimportant % within 
FR 6.80/a 5.7% 6.3% 9.1% I I 6.0% 
Total count 207 282 48 11 8 14 570 
% within 
1 1 
FR 100.0% 
=(rlo 
100.00/0 
=(r 
I 100.00/6 100.06/0 1000/0 100% 
Table 4.17 A cross-tabulation of teachers' most frequent roles and pupils' characteristic (iv) - 
memorising science concept 
a-facilitator, b-information giver, c-motivator, d-class controller, e-researcher, f-classroom manager 
4.6 Teachers' Perceptions of Barriers to Implementation of the Primary 
Science Curriculum 
Item 27 of section 7 of the questionnaire uses 15 indicators to determine teachers' 
perceptions of the barriers to implementing the primary science curriculum: 
i. Head teacher of your school; 
ii. Head of the Science Department; 
iii. District Education Officer, 
iv. Level of professional training of teachers; 
V. Level of opportunity for in-service training; 
vi. Time off to attend courses; 
vii. Level of provision of teaching material and equipment; 
viii. Co-operation among science teachers in school; 
ix. Your own level of competence, 
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X. What should be taught, e. g. through syllabus, schemes of work, or PUKAL; 
xi. Teacher activity centre; 
xii. Pupil in your class; 
xiii. Number of children in your class; 
xiv. Abilities of children; 
Xv. Attitudes of children. 
Table 4.18 shows teachers' opinions of factors influencing their implementation of 
the primary science curriculum. 
Item 27 
no only little some a strong 
Very 
influence influence influence influence strong 
influence 
(i) head teacher, 3.3 4.5 22.1 38.3 31.9 
N=575 
(ii)head of sc. 2.6 3.7 19.3 46.8 27.7 
dept, N-575. 
(iii)district edu 8.2 10.6 38.2 30.8 12.2 
offiecrN=574 
OV)prof 
training of 2.6 4.7 19.7 40.3 32.5 
teachersN=573 
(y)opportunity 7.0 8.4 24.0 40.8 19.9 
of insetN--574 
(vi)time off to 
attend course, 7.9 9.2 37.7 33.7 11.5 
N=575 
(vii)Ievel of 1.6 2.8 17.6 51.0 27.0 
provision, N=574 
(viii)ooop among 2.3 1.0 15.9 51.4 29.4 
teachm, N=574 
(ix)o- 
competency, .7 1.6 11.2 39.1 47.5 
N=573 
(x)what should be 3 2.8 20.4 52.4 24.0 
taughtýN=574 
(xi)teachrr 
activity 13.4 23.4 38.9 18.0 4.4 
cenbw, N=573 
(xii)pupil in your 
classroom, .9 4.2 15.3 48.3 31.4 
N=574 
(xiii)number of 2.6 4.7 22.3 45.3 25.1 
children, N=574 
(xiv)abilities of 
.7 
2.1 16.6 49.0 31.7 
children, N-574 I 
(xv)attitudes of 1.2 4.7 13.9 43.9 
I 
childrenN--574 I L- 1 
Table 4.18 Teachers' opinions of factors influencing the implementation of the curriculum 
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The following factors strongly influence implementation: 'head teacher' (70.1 %); 
'head of science department' (74.5%); 'level of professional training' (73.0%); 
'level of opportunity for in-service training' (60.7%); 'level of provision of teaching 
materials and equipment' (78.0%); 'co-operation among teachers' (81.3%); 'what 
should be taught' (76.4%); 'pupils in the classroom' (79.7%); 'number of children in 
the classroom' (70.4%); 'abilities of children' (80.7%); and 'attitudes of children' 
(79.1 %). There is one other factor that most teachers agree has a very strong 
influence -their own level of competence (86.6 %). The factors with less influence 
are: the district education officer (43.0%), time off to attend courses (45.2%) and 
teacher activity centres (22.4%). 
4.6.1 Interpretation of teachers'perceptions of the barriers to implementing the 
primary science curriculum 
In analysing teachers' perceptions of barriers to implementation, it is found that most 
of the indicators listed are considered to have either a strong or very strong 
influence. 86.6% of teachers consider their own level of competence to be the most 
highly influential factor determining the implementation of the curriculum. This 
implies that teachers perceive that their competence reflects their abilities in 
teaching the subject, including their subject matter and science pedagogy knowledge. 
This is supported by several reports in the UK which show that improvement in 
sub ect knowledge is required for better primary science teaching (e. g. DES j 
1978,1989b, Summers 1992, OFSTED 1994). It can also be linked to teachers' 
pedagogical content knowledge. Teachers who lack content knowledge will also lack 
pedagogical content knowledge. Smith and Neale (1989) conclude that teachers with 
limited content knowledge generate metaphors that are conceptually misleading. 
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They further report that 'what was missing in most of the lessons was exactly the 
kind of examples, analogies and metaphors which is evidence of content knowledge 
in use to serve pedagogical purpose'. This shows that content and pedagogical 
content knowledge serve as key requirements for teaching science. The fact that a 
majority of Malaysian primary teachers admit that their own level of competence is 
the most highly influential factor acting as a barrier in implementing the curriculum 
indicates that their lack of such knowledge -is likely to prevent the curriculum from 
being implemented as intended. This is supported by the fact that 60.7% of the 
sample consider that the level of opportunity for in-service training also has a strong 
influence on implementation. It could thus be inferred that teachers' believe that 
possessing a high level of competence is the result of having more opportunity for 
in-service training. This implies in turn that teachers hope that the opportunity for in- 
service training will provide them with the necessary content knowledge and 
pedagogical content knowledge. Many researchers have shown that science teachers 
need to be more competent in subject matter knowledge as well as pedagogical 
content knowledge. For example, teachers' subject matter knowledge is covered by 
research on topics such as: 'changes and materials' (Kruger and Summers 1989); 
'forces and their effects, (Kruger, Palacio and Summers1990) and 'energy'(Summer 
and Kruger 1992). These studies found that many primary teachers lack science 
concepts. Hence, better in-service training is needed to cover areas of conceptual 
understanding. Summers and Kruger (1994) reported a longitudinal study of a 
constructivist approach to improving primary school teachers' subject matter 
knowledge in science and the impact of teachers' content knowledge. However, 
Summers (1994) argues that an analysis of the content knowledge required by 
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teachers is not enough, and it is necessary to identify appropriate pedagogical 
content knowledge in relation to the particular ideas and concepts to be taught. 
Smith and Neale (1989) and Neale, Smith and Johnson (1990) show that teachers 
also lack pedagogical content knowledge. Thus, they report that only a few teachers 
focused on children's ideas, predictions, and explanation, and that children were 
rarely involved in predicting, explaining and generating ways to test ideas. This 
evidence shows that teachers need both content knowledge and pedagogical 
knowledge to teach science effectively. Hence, it is important for the Malaysian 
Ministry of Education, and the CDC in particular, to consider both elements when 
planning in-service provision. 
Another factor that is rated as highly influential is 'co-operation among teachers'. 
80.2% of teachers perceive this as a strong influence in determining the curriculum 
to be implemented. Teachers feel that collaboration and collegiality between them 
will help the curriculum to be implemented as intended. The teachers who were 
interviewed also confirmed this finding. They stated that they co-operated in 
teaching primary science in their respective schools. However, most said that this 
onlY happened during the initial implementation of the curriculum, and that they did 
not have such frequent discussions as bef6re since they felt that they are now better 
equipped in teaching science. Marsh (1997) points out that if the collaboration 
arrangement is a 'superficial collaboration' with only a limited form of sharing 
which does not progress beyond advice-giving and material sharing, and where there 
are no deeper forms of interaction such asjoint planning, observation and 
experimentation, this will lead to undesirable outcomes and even failure. Therefore, 
teachers' perceptions of co-operation among them as a highly influential factor 
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acting as a barrier to implementation of the curriculum are questionable. This is 
discussed further in Chapter 5. 
4.7 The Influence of Teachers' Values, Beliefs and Attitudes on the 
Implementation of the Curriculum 
Item 28 in section 8 of the questionnaire uses 12 criteria to determine teachers' 
ideologies in influencing the curriculum implementation. The criteria are: 
WI don't like teaching KBSR science; 
(ii) Since KBSlk, I have had to learn a lot of science; 
(iii) I feel stress when trying to complete the science syllabus; 
(iv) I don't feel confident to teach science; 
(v) Assessment needs make it difficult to satisfy the requirements of the curriculum; 
(vi) My children need to learn through practical activities; 
(vii) KBSR science is not appropriate for my pupils; 
(viii) I was asked to teach science against my wishes; 
(ix) KBSR science is too abstract for the children I teach; 
(X) The KBSR has made me get to grips with teaching science; 
(xi) I think promoting science as a separate subject in KBSR is appropriate for children in this 
decade; 
(Xii) KBSR science helps me to meet my pupils' individual needs. 
Table 4.19 summarises teacbers' responses on the KBSR primary science 
curriculum. 89.6% of teachers like to teach science, but 50.6% state that they had to 
learn a lot of science. Only 7.3% were not confident in their teaching. 
20.5% of respondents feel stress when trying to cover the syllabus. 45.5% agree that 
it is difficult to satisfy the requirements of the curriculum, although 3 1.1% are not 
sure about this. They strongly disagree (89.2%) with the statement that they are 
asked to teach against their wishes, but a majority agree (60.3 %) that they have had 
to get to grips with teaching science. 
These responses generally show teachers' positive attitudes towards the science 
curriculum. They also have positive and strong beliefs in science KBSR. 81.6% of 
teachers think that science is appropriate for their pupils, and only 16.4% think that 
science is too abstract. 
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strongly strongly 
disame disagree not sure agree apTee 
(i) I (hslike teaching science KBSRN-575 50.7 38.9 5.2 3.6 1.6 
(ii) I have had to learn a lot of science. 12.3 27.7 9.5 40.0 10.6 N=575 
(iii) I feel stress when trying to complete the 20.2 43.9 15.4 17.0 3.5 
syllabus, N=574 
(iv) I do not feel confident teaching science, 29.6 51.9 11.2 5.9 1.4 
N=573 
(v) assesment need diff to satisfy, N=574 4.7 18.7 31.1 35.1 10.4 
(vi) my children learn through practical 1.2 6.9 8.8 63.6 19.4 
activities, N=575. 
(vii) science is not appropriate for my 28.4 53.2 14.7 3.1 .5 pupils, N=574 
(viii) I teach science against my 
wishes, N-574 
51.7 37.5 6.1 3.5 1.2 
(ix) science is too abstract for my 
pupils. N=573 
13.7 45.8 24.0 14.7 1.7 
(x)KBSR made me get to grips science, 
N=574 2.1 
5.0 15.4 60.3 17.2 
(xi) science as separate subject, N=573 1.2 6.1 13.2 51.5 28.1 
(xii) science does not help me mect my 
pupils individual needs, N-574 .3 
2.1 
I 
22.2 
I 
59.6 15.8 
I 
Table 4.19 Teachers' ideology in influencing the implementation of primary science curriculum 
items (i), (ii), (iii), (iv), (v), (viii), (x)- are on teachers' attitudes towards primary science, 
Items (vii), (ix), (xi) - are on teachers' beliefs in science KBSR; 
Items (xii), (vi) - are on teachers' values. 
A majority (79.6%) agrees that promoting science as a separate subject in KBSR is 
appropriate. However, three quarters of teachers agree that science does not help 
them to meet the individual needs of children, although they agree that children need 
to leam through practical activities. 
4.7.1 Interpretation of the Influence of teachers, values, beliefs and attitudes on 
the InWlementation of the curriculum 
In analysing teachers' attitudes towards the science KBSR, it is found that most 
respondents like teaching science and are not asked to teach against their wishes. 
They have a positive attitude towards the science KBSR. This is confirmed by the 
general feeling of confidence in teaching science and the absence of stress in 
completing the syllabus. However, most of the respondents bad to acquire a lot of 
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science subject knowledge and they had to get to grips with their science teaching. 
These results supported the findings of Carre and Carter (1990). Even with such 
positive attitudes, teachers still need support, most importantly in instructional 
methods. That they have to learn a lot of science is a reflection of their science 
backgrounds. Most of the respondents teaching science were non-science specialists 
in their teacher training (68.2%). One attitude that reflects teachers'ý contradictory 
roles in teaching science is the feeling of many (45.5%) that the assessment needs of 
the curriculum are difficult to satisfy. As the system of education in Malaysia is 
tailored towards merit gained by exam results, most teachers teach towards pupils' 
success. Therefore, despite all the suggestion and advice given in the curriculum 
guide, teachers still teach to an exam format. Marsh (1997) points out that a 
disadvantage of external examinations is that they may encourage a concentration on 
teaching those aspects of a course which are most readily assessed externally, and 
may also encourage didactic teaching and rote learning. Another difficulty is that the 
assessment of science process skills is carried out for each pupil in Year 6. This only 
involves the Year 6 teachers in assessing these skills within the first six or seven 
months of the session, with results to be submitted before the national exam, which 
usually falls in September or October. Thus, these teachers are very busy during this 
year. They need to teach the science topics allocated for Year 6 and also 
simultaneously carry out the assessment. The implication is that teachers find it 
easier to teach science following an exam format. This not only saves time but also 
ensures that they do not suffer the consequences of adverse examination results. 
Thus, it is clear that primary science implementation is not as the curriculum 
developers hoped - when teachers concentrate on producing pupils with good 
160 
examination results, the science pedagogical aspects are diminished. The main 
concern is the exam, and teaching becomes 'traditional'. 
Most teachers agree that the science KBSR is appropriate for their pupils and that it 
is not too abstract. They also feel that promoting science as a separate subject is 
appropriate. We can generalise that teachers agree with the changes and that the 
curriculum innovation has been accepted by teachers who are willing to teach 
science rather than the old 'Man and Environment' curriculum. This is also 
confirmed by the sample interviewed. They agree with the changes and accept the 
curriculum innovation. If teachers were not confronted with examination 
requirements, the curriculum might well be implemented as intended. If teachers 
believe that a change is beneficial, then the curriculum innovation will be sustained 
and not modified by teachers, for example because of examination needs. The 
implication here is that the Examination Board, the curriculum developers, and other 
related agencies should reconsider this situation so that teacher support will be 
sustained and the curriculum innovation will be implemented as intended. 
4.8 Teachers' Opinions on the Idea of 'Pupils as Active Learners' 
72.3% of teachers agree that the notion of 'pupils as active learners' is applied in 
their classroom. The proportion disagreeing is relatively small, but it is still 
important to look at the reasons for this disagreement. This result tallies with 
responses to item 13 (viii) in section 3 of the questionnaire (Table 4.7), which asked 
teachers whether or not they find difficulty in using all ideas their pupils generate 
during a teaching session. 46.7% of teachers (Table 4.7) do not find difficulty. Pupils 
are thus able to generate ideas and opinions, and are able to test them. However, the 
20.8% teachers whose pupils are not active learners gave various reasons as follows: 
161 
" Pupils are very much teacher dependent 
" Pupils have low science knowledge 
" Pupils' attitudes 
" Pupils have low ability 
" Depends on topic taught 
" Pupils have no ability to generate ideas 
" Pupils have low thinking skills 
" Pupils come from low income family 
" Due to time constraint 
" School lacks apparatus and materials 
" Exam oriented 
" Rural areas are not exposed to science 
These categories, developed from the open-ended question (item 15), do give some 
infonnation on the real situation in schools. This will be discussed later (section 
5.331 [b, c]) when comparing the questionnaire results with fieldwork (interview and 
observation) data. 
(a) Teachers' reasons for not applying the idea of 'pupils as active learners'. 
The idea that (a) pupils are too dependent on teachers stems from a belief that 
pupils need to be guided and that a majority of pupils will accept what the teacher 
says. Pupils in general do not have any science reference books and so depend on 
teachers for ideas. Furthennore, teachers believe that they have to give information 
because these pupils have no prior ideas about the lessons. Teachers also believe 
that primary school children are not able to generate ideas without the teachers' help 
and guidance. Some teachers also claim that this is not only for low-ability, but also 
for average, pupils. A number of teachers also claim that a majority of pupils are 
passive and depend on teachers as information givers. Other reasons given are that 
pupils are not exposed to science information and material, and so teachers have a 
more central role in guiding pupiI. S. 
For category (b) pupils have low science knowledge, teachers feel that this is due to 
their environment, i. e. in the rural areas there are limited resources, references and 
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printed material on science. Pupils in the rural areas are therefore considered less 
motivated to read, resulting in a low science knowledge base. They also relate this to 
the pupils' ability. They equate these pupils with (c) low ability, and the pupils' 
ideas are seen as irrelevant and illogical. Some respondents even state that these 
pupils have no ideas to apply and no ability to test ideas. They also feel that these 
pupils lack the 3R skills. Teachers also claim that some pupils have a low innate 
ability due to their rural enviromment. Others state that these pupils are so weak in 
their studies that they always need teachers" guidance. 
For the category (d) pupils' attitude, teachers claim that pupils are passive, 
disinclined to read, are not interested, have less initiative in generating ideas, and are 
different in their thinking, diligence and interest. Teachers also state that pupils in 
rural areas have less interest in science because of their lower exposure to science 
and their limited resources. Some teachers also claim that students do not respond to 
teachers' questions, and this slows down the teaching and learning processes. 
A few teachers also mentioned (e) depends on topic taught as one of the reasons for 
not applying the idea of pupils as active learners. But most teachers stated (f) pupils 
have no ability to generate ideas. They believe that pupils are not up to the 
standard and cannot actively take part in the discussion. For category (g), low 
thinking skill, teachers claimed that pupils are not exposed to thinking skills and, 
because of pupils' immaturity, their ideas contradict those of the topic taught, 
especially in Year 4. 
Teachers stated that pupils from rural areas are of (h) low-income status. They are 
thus deprived of science reference books because they cannot afford to buy them. 
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Accordingly, such pupils have difficulty in generating ideas due to their lack of 
reading. 
From the teachers' perspective, (i) time constraint is another reason for not using 
the idea of 'pupils as active learners' in their classrooms. This includes the time 
needed to finish the syllabus, teachers' other professional duties, the broad scope of 
the subject and lack of time to develop ideas. One or two teachers referred to other 
factors: 0) the school's lack of apparatus, (k) being exam-oriented and (1) condition 
in rural areas. 
All these factors are very much related to one another. The link is the belief teachers 
have in pupils' ability. Often teachers' state that pupils have low ability, cannot 
think, do not have the ability to generate ideas, and depend too much on their 
teachers. Teachers feel it is their duty to teach pupils so that they gain knowledge 
priority. Teachers' reasons for pupils' deficiencies are mainly environmental: low- 
income family status, lack of references books either at home or in schools, living in 
rural areas; and also pupils' attitudes. These all militate against applying the idea of 
6pupils as active leamers'. 
(b) Teachers' reasons for being able to apply the idea of 'pupils as active learners' 
Those teachers who agree that the idea of 'pupils as active leamers' is applicable to 
their classroom (72.3%) propose several reasons: 
" Ability to generate ideas 
" Applicable ideas 
" Brave 
" Confidence 
" Creative and critical pupils 
" Effective teaching 
" Emphasis by curriculum 
Enhances the science process skills 
Fun learning envirorunent 
Help other pupils (Le average and weak 
pupils) 
Increased interest 
Independent pupils 
Interaction 
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It's an inquiry approach 
Makes the teaching and learning process 
easier 
" Meaningful learning 
" Motivate other pupils 
" Pupils' ability/good pupils 
" Pupils have prior knowledge 
Pupils' involvement 
Sharing of ideas 
Talent 
Teacher gained knowledge 
Test pupils understanding and increase 
understanding of science concepts 
Thinking skills 
Most teachers use two broad perspectives to generate reasons why pupils can be 
active leamers: the pupils' perspective and the teachers' perspectives. 
From the pupils' perspective, some pupils are seen to have all the qualities enabling 
them to be active learners, e. g. talent, confidence, interest, high thinking skills, able 
to interact, like to be involved, able to help others, have prior knowledge, 
independent, high curiosity, able to motivate others, able to share ideas, brave, 
creative and critical, highly able, and able to generate ideas. 
From the teachers' perspective, teachers either see the advantages of using the ideas 
in their classroom or they are conforming to the suggestions given in the curriculum 
guidebook. The advantages of applying the idea of pupils as active learners are: 
teacher gains additional information and knowledge from pupils' ideas; it makes the 
teaching and learning process easier; there is a fun learning envirorunent. By 
contrast, conformity to the guidebook is reflected in: empbasised by curriculum; it is 
an inquiry approach; to enhance the science process skills and to test or evaluate 
pupils' understanding. Those teachers who believe children should learn science by 
being active learners so that learning is meaningful understand the basic idea of 
4pupils as active learners. When teachers propose the concept of meaningful 
learning, they mean that their pupils will use all the above qualities to gain 
knowledge and understanding of science concepts and facts. Hence, if teachers 
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believe in meaningful learning they will apply the idea of 'pupils as active learners' 
to both high-ability and low-ability pupils. 
These responses confirm that Malaysian primary science teachers know the intended 
curriculum and try to implement it in ways they understand. However, the 20.8 % of 
teachers who feel that they cannot apply the ideas must not be overlooked. They 
equate this with teaching average or low-ability classes. These pupils will always be 
a majority in the school population; thus there is a reasonable doubt whether 72.3% 
of teachers are really applying the ideas in their respective classes. This issue is 
discussed further in Chapter 5. 
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Chapter 5 REPORT AND ANALYSIS OF QUALITATIVE DATA 
5.1 Introduction 
This chapter will give an account of the report and analysis of the qualitative data. 
The data analysed consist of interviews and classroom observations. An attempt is 
made to explain the findings, which are analysed under the following headings: 
* teachers' views and opinions on primary science objectives; 
* teachers' perceptions on the nature of primary science teaching; 
* teachers' views and opinions on barriers to implementation of the primary 
science curriculum; 
* teachers' personal views on the primary science curriculum; 
9 teachers' ideology in relation to the primary science curriculum; 
* classroom observation data analysis 
5.2 Teachers' Views and Opinions on the Primary Science Objectives 
To explore teachers' opinions on the primary science objectives as stated in the 
curriculum guide, a number of related questions were asked during the interviews. 
The aim was to identify teachers' perceptions of the most important and least 
important of the objectives, their perceptions of the easily implemented objectives 
and those that are difficult to implement, the objectives which they find difficult to 
understand, and their global opinions of the primary science objectives. 
S. Zl Teachers'opinions of the most important objectives 
A swnmary of these opinions is given in Table 5.0. The 14 teachers clearly perceived 
objective (i) to be the most important, followed by objectives (v) and (iii). One 
167 
respondent thought that objective (vi) was the most important. These findings should 
be reflected in the observation of teaching strategies to develop thinking skills. 
However, several teachers (seven) believe that pupils should gain knowledge and 
understanding of scientific concepts and facts in order to understand themselves and 
their envirorunent. 
N=14 
Obj Statement No. of teachers No. of teachers Combination of 
ranking it as most ranking it as 2"d first and second 
important most important preferences 
(i) Develop thinking skills to 6 4 10 
increase intellectual capability 
(V) Gain knowledge and 4 3 7 
understanding of the scientific 
concepts and facts in order to 
understand themselves and their 
environment 
(iii) Develop scientific skills in an 3 3 6 
mqumng manner 
(vi) Develop the ability to solve 1 2 3 
problems and make responsible 
decisions 
(ii) Increase interest in the 0 2 2 
environment 
Table 5.0 Teachers' perceptions of the important objectives in primary science 
There is some indication that the result in Table 5.0 is related to pupils' abilities. 
Teachers believe that the objective is achievable by able pupils. Thus teachers 
perceive that if pupils cannot achieve the other objectives, at least they will develop 
science knowledge. Three out of 14 teachers think that objective (vi) should be the 
important objective, whereas two teachers think that objective (ii) should also be 
considered important. 
We can deduce from this data that the objectives that teachers rank as the most 
important reflect their understanding of the way in which the science curriculum 
provides pupils with thinking skills and scientific skills in order to assimilate the 
content. Objectives (i), (v) and (iii), which are selected as important, indicate that 
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teachers know that they need to provide pupils with activities to process information, 
e. g. by involving them in organising and finding relationships in the information they 
encounter rather than being the passive recipients of teacher delivered-bodies of 
knowledge. But the remaining question is whether objective (i) is applied and 
realised in science lessons as indicated by the data, whether objective (v) is given 
more emphasis to ensure that the content is transmitted to pupils. This raises the 
question of whether teachers are aware that these objectives need to be integrated 
during the lesson in order for pupils to gain the content - scientific concepts. Skills 
such as thinking skills, problem-solving and science process skills need to be 
integrated while teaching the lesson. It can be argued that teachers select important 
objectives mainly within the development of the cognitive domain in science. 
However, two of the 14 teachers think that objective (ii) ' increase interest in the 
environment' is important. This response reflects an ambiguity in teachers' 
perception of the most important domain in science education. It indicates that it is 
grouped under the affective domain of scientific educational goals, i. e. it is 
attitudinal and does not have pupils' intellectual growth as the primary focus. This 
evidence suggests that teachers need an in-depth understanding of the underpinning 
principles of primary science education in order to implement it as intended. 
Taking the first and second preferences (Table 5.1) together shows that nine out of 
14 teachers think that objective (vii) is the least important followed by objectives 
(viii) and (ii). Four teachers think that objective (iv) is the least important, and 
another three think that objective (ix) is the least important. 
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N=14 
Obj. Statement No. of No. of Combination 
teachers teachers of first and 
ranking it as ranki2 it as second 
the least , the 2 least preferences 
important important 
(vii) Increase the ability to cope with the latest 6 3 9 
contribution in science and technology 
(viii) Practice good moral values and scientific 5 1 6 
attitudes 
(H) Increase interest in enviroriment 1 4 5 
(iV) Appreciate the arrangement and orderliness 1 3 4 
of nature 
(ix) Appreciate the contribution of science and 1 2 3 
technology for the welfare of our life 
(vi) Develop the ability to solve problems and 0 1 1 
make responsible decisions I 
Table 5.1 Teachers' perceptions of the least important objectives in primary science 
We can deduce that teachers' selections of the least important objectives are within 
the affective domain. Surprisingly one teacher selected objective (vi) ' to develop the 
ability to solve problems and make decisions' as the least important objective. Two 
implications can be drawn here. First, when objective (vi) is ranked as the least 
important objective, it implies that the teacher does not prioritise this objective and 
does not use it as a teaching strategy. Secondly, the teacher does not know or 
understand how to use problem-solving in teaching primary science. 
According to Gatt (2000), in problem-solving: 
'Children are given time to think about the problem presented and to come up with 
possible solutions. Yhe scientific concept or concepts are identified Yhe rest of the 
activities organised will thenfocus on ways to investigate these scientific 
phenomena in order to test the suggested solutions. The nature of the problem set 
will be influenced by the age and experience of the children involved Should the 
problem be too demanding or too easy it will lose its effectiveness. '(p. 8) 
As suggested by Gatt (2000), time should be given for children to think about the 
problem presented and to show that it has meaning for them. Furthermore, the 
situation chosen must be relevant to the children's experience. In the context of the 
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Malaysian primary science teachers, to give children time to think would mean that 
the teachers planned activity would not be completed, and this would interrupt 
teachers' semester scheme of work. 
Watts (1991) gives a series of answers to the question 'why use problem-solving? ', 
one of which is that 'it is a vehicle for teaching many scientific skills, and for 
reaching the content aspects of science'. Therefore, when objective (vi) is ranked as 
the least important, this implies that the teacher does not perceive that problem- 
solving is applicable as a teaching strategy to develop pupils' scientific skills, 
thinking skills and understanding of scientific concepts. Yet teachers need to 
emPhasise the development of pupils' intellectual growth through a problem-solving 
approach. This supports the data on teachers' ranldng of the important objectives. 
Only three out of 14 teachers ranked objective (vi) as important. 
Finally, the results show that some teachers need to be enlightened about the three 
domains of educational goal: cognitive, affective, and psychornotor (Bloom et al. 
1956, Bloom, Krathwol and Masia 1964). This will help teachers to identify their 
priority for pupils' development in primary science. Generally, the respondents agree 
that the objectives of the affective domain are the least important and those of the 
cognitive domain are the most important. 
5.22 Teachers'opinlons on the degree of dWiculty in MWlementingprintary 
science objectives 
(a) Teachers' perceptions of the objectives that are most easily implemented 
Appendix 2 indicates that the easiest objectives to be implemented are (ii) and (ix) 
followed by (viii). Other objectives regarded as easy to implement, but by fewer 
respondents, are (iv), (v), (vi) and (vii). 
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The common reason given for the ease of implementation of objective (ii) is that it is 
easy to get pupils interested in the enviromnent. However, the respondents provided 
a range of reasons why this might be. Two claimed that practical activity or 
experiment, which is easily achieved, will increase pupils' interest. Another related 
objective (ii) to a teaching topic in the curriculum, i. e. living things. Yet another 
claimed that it is done indirectly. One suggested that it is interconnected to other 
subjects, and two related it to the prior knowledge that pupils have. Therefore, even 
though most teachers agree that objective (ii) is the easiest to implement, their 
reasons vary according to their understanding. 
Almost all the objectives [i. e. (ii), (iv), (vii), (viii), (ix)] mentioned are in the 
affective domain. However, some respondents selected objectives (v) and (vi) as the 
easiest to implement. These two are in the cognitive domain. Two reasons for 
choosing objective (v) are: 
'... it is easy to gain knowledge in various ways. ' (AM 
,... at least 75% of my pupils have pilor knowledge of thetopics. '(DZ) 
This suggests that MY believes that pupils can be given a variety of activities to gain 
knowledge, and so his experience and pedagogical knowledge help him to 
implement this objective easily compared with other respondents who feel that the 
affective domain objectives are more easily implemented. However, another 
respondent's reason for saying objective (v) is easy to implement is related to his 
pupils. He believes that 75% of his pupils have some prior knowledge about the 
topics he is teaching, thereby making it easier to implement this objective. only one 
respondent selected objective (vi) as easy to implement. Her reason is: 
usually pupils are able to solve problems with my guidance. ' (7VH) 
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This indicates that NH's understanding of problem-solving activity is not determined 
by pupils' perceptions of the problem and their participation in the choice and 
formulation of problems, but rather it is based on teacher's determination of the 
problem and provision of activities to solve the problem, with the lesson being 
teacher guided and so easier to implement. Hadfield (cited in Watts, 199 1) explains 
that in problem-orientated structured teaching, it is the task of the teacher to 
structure the material in such a way that problem-solving situations arise in the 
course of the lessons. So, although the context is that provided by the teacher, the 
class generates the problems themselves. Watts (199 1) further observes that 
problems are better solved if the solver generates them, i. e. if they are his/her OWN 
problems (p. 37). 
(b) Teachers' perceptions of the objectives which are difficult to implement 
By analysing Appendix 3, the objectives that teachers feel are difficult to implement 
can be surnmarised in the Table 5.9 below. 
Obi Statement N=14 
-(jýL 
Develop scientific skills in an inquiring manner 13 
CI) Develop thinking skills to increase intellectual capability 9 
(V) Gain knowledge and understanding of scientific concepts and facts in order to 
un erstand themselves and their environment 
8 
(vi) Develop the ability to solve problems and make responsible decisions 7 
Table 5.9 Teachers' perceptions of objectives that are difficult to implement 
Thirteen out of 14 teachers agree that objective (iii) is difficult to implement. There 
are various reasons for this, falling into three categories: 
pupils' ability 
teachers' own lack of knowledge 
pupils' previous learning techniques (the 'spoon-feeding' syndrome) 
Most respondents claim that the implementation of objective (iii) depends on pupils' 
abilities, and thus it is easier for higher-ability classes and more difficult for the 
weaker classes. Only two respondents admit that it is their own lack of knowledge 
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that causes them difficulty in implementing this objective. Another two feet that the 
difficulty is due to the way pupils have been trained to learn before entering Year 4. 
The teachers perceive that pupils have been spoon-fed, thus making it difficult for 
them to do work on their own. They still need teachers' clear instructions on what to 
do and are still unable to make their own decisions. 
Another objective which teachers consider difficult to implement is objective (i). 
Similar reasons were given as for objective (iii) above. Mostly, they emphasise 
pupils' ability and their lack of prior knowledge due to insufficient reading. Another 
reason given is pupils' attitude, i. e. they are too lazy. The implication from these 
responses is that teachers consider that their pupils do not want to think for 
themselves, but merely want to be told what to do. This result in situations where 
pupils' feel that being told is more ordered and less demanding than being forced to 
make decisions and draw conclusions. 
The selection of objectives (i) and (iii) suggests that teachers implicitly understand 
the relationship between science process skills and thinking skills even though this is 
not explicitly mentioned by the respondents, except one: 
'Pupils also need to think to use the scientific skills. So to work in an inquiry manner, I have 
to feH them what to do. '(NE9 
In conclusion, it is possible to say that most of these primary science teachers do not 
look at the curriculum globally but see it as compartmentalised. Teachers do not 
perceive these two objectives [(i) and (iii)] as subsets of each other, but as separate 
entities, thus compounding their difficulties. 
Another objective that teachers feel is difficult to implement is objective (v). All 
eight respondents agree that this is because of the pupils' ability. They claim that 
even high-ability pupils have difficulty in understanding facts and concepts in 
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science. Teachers feel that they need to explain science concepts and facts 
continually, with constant consolidation to make certain that pupils understand them. 
The clear implication is that teachers do not think science facts and concepts are 
gained through objectives (i) and (iii) but rather through didactic transmission. 
Again, the respondents see the objectives as being compartmentalised. Half the 
respondents also claim that objective (vi) is difficult to implement. Again, they point 
to pupils' ability and attitude as the source of the difficulty. They feel that pupils 
have low self-esteem and are not confident enough to solve problems on their own. 
Another implication is that teachers might not have the science pedagogical 
knowledge to teach science to less-able children. Bianchi (1999) suggests that: 
'Structuring allfacets of the science lesson gives less-able children improved 
opportunity to illustrate a deeper understanding of the purpose, processes mid 
underlying concepts involved'(p. 20). 
Therefore instead of teachers admitting that they lack the knowledge to implement 
the science ob ectives either for high-ability or less-able pupils, children become the j 
targets of difficulties in teaching science. 
It seems that teachers have particular difficulty with the objectives in the cognitive 
domain. They do not look at them as a whole. If they were shown the connections, 
they might be better equipped to implement the objectives. The cognitive domain, 
that teachers find difficult to implement, includes key scientific concepts, thinking 
skills, scientific skills and problem-solving techniques. These elements require 
teachers' content knowledge (subject matter knowledge) and pedagogical content 
knowledge (Shulman, 1987). This shows that the difficulties teachers face in 
implementing the objectives are caused by insufficient knowledge of subject matter 
and science pedagogy. In UK, OFSTED (1994) reported that in 'half the lessons 
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where pupils achievements were unsatisfactory, poor pedagogic skills combined 
with weak subject knowledge on the teachers part' (para 12, p. 3). Thus, Malaysian 
primary science teachers' lack of content and pedagogical content knowledge 
undoubtedly affect pupils' development and intellectual growth in science. It seems 
that the orientation courses they attended failed to cover this aspect in sufficient 
depth. In addition, the curriculum guide prepared by the CDC does not provide the 
necessary depth of understanding of the objectives for successful implementation. 
Kruger, Summers and Palacio (1990) suggests that INSET for primary science in the 
National Curriculum in England and Wales might not perceive teachers' real needs. 
They state that the IPSE (Initiatives in Primary Science: An Evaluation 1988) report 
on in-service training points out that 'teachers' lack of knowledge was an aspect of 
the teaching of science which had not been adequately addressed within these 
training programmes and this omission constituted a problem'. Russell et al. (1992) 
point out that even though teachers described themselves as having sufficient 
knowledge or had some science qualification, they expressed doubts about teaching 
science effectively. They further state: 
'7heir difficulties lay in developing an approach to teach science which they 
acceptedas goodprima7ypractice, an approach which offersyOung children the 
scientific experiences they neeg an approach which takes account of children's 
current level of understanding and which enables teachers to identify how 
children's thinking mightprogress. '(p. 142) 
This situation is similar to the orientation courses (in-service courses) attended by 
teachers for the Malaysian science YJ3SR. The courses did not address teachers' 
needs in science content and pedagogical content knowledge, thus reflecting the 
difficulty in implementing the objectives which are the elements of this knowledge. 
(c) Teachers' perceptions of the objectives they found difficult to understand 
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Appendix 4 shows that nine of 14 respondents do not understand objective (viii), 
followed by two respondents for objective (iv), and one respondent for objective (ii), 
whereas three respondents understand all objectives. The common reason given is 
that the teachers do not understand what the objectives really mean. Hence, they 
cannot possibly implement them. This indicates that the mandated curriculum is not 
implemented due to insufficient information and explanation and the teachers' 
inability to construct the intended meaning from written materials (Appleton cited in 
Biddulph and Carr, 199 1). Another implication is that CDC has to revise the 
curriculum guide in order for the ob ectives of the primary science curriculum to be j 
made clearer and more precise. 
5. Z3 Teachers' reaction towards changing the objectives 
Eight respondents do not want to make any changes, whereas six respondents would 
like to see some changes in the objectives of the primary science curriculum. 
Teachers' reactions to the question vary. Some want the objectives to be retained but 
they qualify this according to their understanding: 
'I agree with all the objectives but perhaps the statements need to be rephrasedfor 
clarification and the curriculum guide needs to provide more detail. '(Ml) 
'No changes butperhaps some ranking in importancefor the pupils. '(DZ) 
Other respondents accept the objectives as they are and see no reason for change: 
'No changes ..... I don't know ..... It's okcýý the objectives look too much but I would not know how to form ulate any objecti ves so I accept them. ' (R [9 
'Retain all and give more emphasis on thinking skills and look at their importance. '(BA) 
'All are acceptable, it covers all. Do not add to them but reduce the requirementsfor the 
weaker pupils. But this createsfurther problems so perhaps they should not change. '(NU) 
Two respondents offer critical views: 
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'It is enough and to achieve it will take time. We Callnot achieve it all at once but only 
gradually mid slowly, it takes fime. ' (SS) 
'To me all the objectives are good A 11 of it can be taught and we can select according to the 
topics we leach. '(NH) 
One respondent gives a straightforward response with no explanation. 
'No changes but I don't understand objective (wi) increase their ability to cope with the 
latest contributions and innovations in science and technology. '(SH) 
In general, teachers accept the objectives of the primary science curriculum but there 
is clearly some dissatisfaction. Thus, the CDC needs to look again at the objectives 
and consider further revisions to develop a better understanding by teachers so that 
implementation of the curriculum can proceed as intended. 
For those respondents who want changes to the objectives, there are two categories 
of change: additional objectives and the rejection/reduction of some objectives. Two 
respondents want to reject objective (vii); two respondents want to reduce some of 
the science process skills in objective (iii); and one respondent suggested two 
separate science syllabuses: one for able pupils and one for weaker pupils. Only one 
respondent wants to add an objective: this concerns pupils' creativity and 
inventiveness, to ensure that this aspect of science is sufficiently covered. She also 
suggests a competition related to this objective at school level. Those respondents 
who want the science process skills reduced claim that it is too much to cover at 
primary level. At present 12 science process skills are to be taught to primary pupils. 
The respondents suggest that about half of these should be left until secondary 
school. 
In general, very few teachers feel able to voice their difficulties in implementing the 
objectives. In other contexts many teachers voice their difficulties in making pupils 
understand and master the science process skills. There is a practical exam on the 
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skills, and questions on science process skills are included in the national 
examination. Therefore teachers are forced to teach the science process skills due to 
the examination requirements, and it is very surprising that not many respondents are 
critical of this. 
S. Z4 Teachers 'personal opinions on the objectives of theprimary science 
curriculum 
In analysing the answers given by respondents, three patterns of teachers' 
perceptions emerge. One of the 14 respondents feels that the objectives are too 
complex to be achievable by her pupils. This is her response: 
'Yhe overall objective that I seeftom this (curriculum guide) is that it wants to develop ..... it 
is the NEP, to develop a good balanced human being so it is the overall development. -It is 
good .... but to see it as overall it is too difficult. To achieve it all is not passible. For me it's like ... the aim is too.... too perfect and 
I cannot apply it all to my pupils. '(RM 
Thus, RU's perception of the objectives is that they are not in total agreement with 
her classroom teaching. She finds that the objectives are good. As a teacher, she 
knows that the objectives are intended to produce primary school children with 
science knowledge within their overall development but the tone of her response 
shows that in her view the objectives are too 'high' for her pupils to achieve. 
Another implication is that only some of the objectives can be achieved. This is 
shown by her response 'To achieve it all is not possible'. 
The second pattern shows eight respondents agree with the primary science 
objectives, with three key subcategories emerging: 
to produce a scientific community (five respondents) 
suitable for children (two respondents) 
teacher-centred (one respondent) 
The respondents whose perception of the primary science is to develop a scientific 
community were greatly influenced by the national agenda for producing a 
scientifically literate community. Thus their responses show that the objectives are 
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set-up (legislated) for the development of scientifically oriented pupils. Some link 
the objectives with, the Ministry's aim or the vision 2020 as put forward by the Prime 
Minister of Malaysia (Saýi 1993). In the words of one respondent: 
'In my opinion the main aim ofprima? y science education is to develop a community that 
has a scientfic culture and scientific skills. So it is important to preparefuture Scientisisfor 
use in theyear 2020. So in general, the objectives are consistent with the Ministly's vision, 
especially objectives (i) and (H). '(SO) 
Another resPOndent said: 
'Ifeel it coincidesprecisely with the ministry's aim in developingpupils in the science and 
technologyfields and it can he achieved It covers all aspects including knowledge, values, 
experim ent and can be applied in pupils' everyday life. ' (&M) 
Even those who do not emphasise the national agenda, believe that the primary 
science objectives should aim to produce a scientifically literate community: 
'For me the objectives are suitablefor the primaq school level. It is logical andpractical, 
like the thinking skill we can develop in them ..... It's like an exposure to produce a scientific 
community. '(AA) 
'Looking at the present curriculum, it is more towards developing a community literate in 
science and technology. So primary science isformulated towards theformation of a 
scientific community. As a whole the objectives look achievable. ' (BA) 
' As I see it.... Not in detail, but as a whole, it is suitablefor the school environment, Ifind it 
covers the need ofpupils to live in the scientific and technological era. ' (Mig 
However, - one respondent 
does not see the objectives as globally intended to produce 
pupils literate in science. She endorses the teacher-centred concept: 
'It can he achieved in the leaching and learningprocess, so if my leaching is successfil so 
will be the objectives. '(Z4) 
This respondent focuses only on the classroom situation, suggesting that her priority 
is her own teaching and pedagogical skills. She gives priority to her achievements in 
classroom teaching, and her pedagogical knowledge relates to her beliefs, values and 
attitudes; she is the main actor in the classroom. This is bound to condition her 
implementation of the curriculum. The main concern here is the way she teaches 
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science. It suggests that 'successful teaching' is essentially teaching science as a 
teacher-directed subject (Cronin-Jones 199 1, Russel et al. 1992). 
The third pattern is represented by the five respondents who feel that the objectives 
are only achievable for pupils of bigh-ability: 
'In my opinion the primary science objectives are good and cover all the years but it 
depends. For example in Years 4,5 and 6 not all the objectives are applicable; it depends on 
the topics taught and also on the class. Yhe good classes will able to achieve them, so it 
depends on the pupils- they cannot achieve all, but only a part. Good-ability pupils are able 
to achieve, but average pupils need guidance; without guidance they are lost. ' (AW) 
'From the objectives legislated by the Minisft)4 Ifound that they are partly achievable by 
our pupils. For example they are able to use scientific attitudes in their life. Aey are able to 
use thinking skills and appreciate values, for example the importance of the environment, 
and they also know more about fechnoloSy in their everyday life based on science. So this 
means that the objectives are achievable bypupils. Partly, I mean some pupils are able to 
achieve all the objectives and some can only achieve some of the objectives. '(DZ) 
Teacher perceptions of the objectives are pupil-related. From their experience in 
implementing the curriculum, these respondents find that the objectives are mainly 
achieved by high-ability pupils, and they consider that they are not suitable for the 
weak ones. Thus, a key question is: what can these teachers do to help these weaker 
pupils to learn more effectively in science lessons? (See, for example, Bianchi 1999; 
Bell 1999. ) 
To summarise teachers' views and opinions on the primary science objectives, it 
seems that teachers need the particular goals of science learning to be spelled out 
clearly. A justification of the goals of primary science education needs to be made 
more precise. A fundamental question that Malaysian science educators need to 
address is 'What learning do we want to achieve through primary science 
educationT As Ratcliffe (1998) points out: 
'We need to he clear about haw learning any particular science topic is going to 
assist thefuture citizen and also give consideration to the pupils' role it? 
determining the direction of their own learning' (p. 10) 
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This implies that the Malaysian CDC needs to review the primary science 
curriculum guide in order to help teachers teach certain science topics to children 
with a clear understanding of the goals of science education. Therefore, before the 
teachers are able to implement the intended objectives of the primary science 
curriculum, they need to have a grounded understanding of the purpose of primary 
science education. It is essential for teachers to understand why we consider these 
objectives to be so important in pupils' education, and it is also important for 
teachers to understand how to develop these objectives from a science education 
perspective. 
5.3 Teachers' Perceptions on the Nature of Primary Science Teaching 
In order to analyse the perceptions teachers hold on the nature of primary science 
teaching and to determine whether those perceptions correspond to those suggested 
by the curriculum innovators, we focus on the following issues: 
9 teachers' views on how children learn science; 
o effective teaching strategies; 
9 the approaches most frequently used by teachers; 
e teachers' opinions on a constructivist learning approach; 
* teachers' knowledge of learners' characteristics in science lessons 
5.3.1 Teachers'views on how children learn science 
Learn through. Number of respondent 
n =14 
Activity-based learning 8 
Information- finding 4 
Experience I 
Information-giving I 
Table 5.10 Teachers' responses on how children learn science 
Table 5.10 shows that half of the respondents agree that children learn science 
through activity-based learning. Teachers attach various meanings to activity-based 
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Icaming, but the main idea is of pupils carrying out an activity, which teachers refer 
to as an experiment (practical activity). These teachers believe that children learn 
science through practical activity, which helps them to understand the lesson 
concepts due to high level of pupil involvement in the lesson. Teachers also include 
problem-solving activity and hands-on activity as important aspects of this type of 
learning. These teachers believe, through their own experience and implicit 
pedagogical knowledge, that children should learn science through activity. This 
view inevitably affects their teaching strategies. However, one respondent, who also 
feels that activity is important when children learn science, holds a different point of 
view: 
'Pupils must make an effort. nen they get an idea, they must do inquity- discovery. 7his is 
like the way we studied before. We get a theory and then we have to prove it. Ifeel that when 
they get ideas on how scientists did it, then they can change it to a new discovery. Butfor the 
primary level I think theyjust need to prove the theory. 777ey have not reached the level of 
building up a theory, so now they do experiments to prove the theory so they can understand 
itfaster, and this will stimulate their interest to discover. ' M 
The implication of this statement is that when pupils only need to prove an already 
proven theory, ideas of inquiry-discovery are already distorted. For this teacher, 
pupils only do a prescribed practical activity prepared by teachers. This is what the 
teachers did when observed. The belief that practical activity is the best way for 
children to learn science is due to their experience. The teachers have found that 
children understand science concepts better, and that pupils remember better, if they 
carry out activities themselves. However, it might be that the understanding of the 
prescribed activity is due to the emphasis placed on a guided approach in the 
syllabus, and this approach can be more of a recipe method than a guided inquiry. 
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Four teachers state that children learn science by searching for information. This is 
generally done by reading science reference books and materials. As three 
respondents observed: 
I First we need to attractpupils'interest in science. This will influence them to put an effort 
into learning andfind books or any additional material tofurther their knowledge, so they 
find information and teachers do not have to give all. '(L4) 
Tze best way isfor ptpils tofind their own information, then the teacher can give a little bit 
more content than is required 7hen they go home andfind out more, but this requires a lot 
of sources of information. '(RU) 
'Pupils need to do a lot of reading of science material, books and magazine so that they 
learn science effectively. '(SH) 
Clearly, these teachers believe in the importance of science content. They believe 
that pupils will acquire more science information by searching for it and teachers 
will have less responsibility to provide content. 
Only one respondent believes that children learn science from their everyday 
experiences: 
'Child-en learn scienceftom experience, what they observefrom their surroundings. 
Perhaps what they observe they do not undersfanc4 so the teacher will develop their ideas in 
the cla&woom and correct their misconceptions and add to these with other activities. ' (SO) 
One respondent believes that children learn science by teachers giving them 
information: 
'Teachers should give informationfirst ifpupils do not have prior knowledge or something, 
so the teacher gives notes to pupils directly. Ifpupils have prior knowledge, the teacher 
should interconnect this knowledge with the le&von ' (BA) 
In surnmarising the views teachers have on the way children learn science, it seems 
from the evidence above that most teachers look at it from their own perspective and 
not from the pupils'. They already have a preconceived idea that when doing an 
activity, especially a prescribed experiment, children learn science. Their responses 
reflect their practice of preparing an activity for their pupils. Pupils must be able to 
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find or search for information. This coincides with the teachers' belief in the 
importance of acquiring content through information-searching. When one 
respondent stressed that she must give information when f irst starting the lesson, she 
implied that pupils get the science content and concepts which she hopes to transmit. 
This is what is meant by teachers not seeing things from the pupils' perspectives. A 
majority of teachers do not perceive that learning is a 'change' of ideas. Only one 
respondent believes that children's ideas should be used, and she feels that as a 
teacher she needs to correct the misconceptions pupils have. According to Harlen's 
(1993b) model of the development of children's ideas, ideas from previous 
experience are called upon in trying to make sense of a new experience, and there 
are several ideas which can be used in a particular situation. This model represents 
learning as a 'change' of ideas. We found evidence of only one teacher implicitly 
understanding that pupils bring with them an alternative framework that needs to be 
modified, and this attitude inevitably affects her teaching approach, which is, 
inclined towards constructivism. The overwhelming evidence is that most 
respondents do not believe in, or do not have an inclination towards, such an 
approach. 
5.3.2 The most effective leaching strategiesfor helping children learn science 
Seven out of 14 respondents agree that experiment is the most effective teaching 
strategy for helping children learn science. This is consistent with their views on 
children learning science through activity-based work. However, the kind of 
experiment that teachers refer to is actually a structured practical activity, because in 
the Malaysian context pupils are instructed in the method and do not come up with a 
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fair test design or investigation as encouraged by the NC of England and Wales (DfE 
1995). This can be seen in one teacher's response: 
'Mostly it is experiment andfield work First, if we do an experiment that involves pupils, a 
teacher only gives instructions and guidance. One more thing that I see ispupils' 
understanding; they can understandfaster compared to when I teach without an experiment. 
In experiments they cany it out by themselves. Mey observe, listen to what they want to 
know. Aey do it themselves. Usually it is like that. ' (SS) 
Another strategy these teachers regard as effective in helping pupils learn science is 
discussion. Five of these teachers emphasise group discussion. The teachers initially 
give questions to pupils to discuss in a group; a group representative presents the 
topic to the class, followed by a question-answer session. These respondents feel that 
through group discussion pupils become more confident in sharing their ideas with 
their group, and they therefore understand things better, thereby facilitating effective 
science learning. Two respondents have a different point of view about the most 
effective strategies for teaching science. One emphasises co-operative learning as a 
mean to allow pupils to share information that is sometimes too difficult for pupils 
to cope with individually. Another respondent believes that simulation is the most 
effective way to help children learn science. Pupils enjoy this method and are able to 
picture it in their minds, thus leading to better understanding. 
The evidence thus suggests that teachers see the most effective strategies as 
experiment (practical activity) and discussion. However, these two strategies are 
teacher-guided, and instructions given have to be followed closely by pupils. There 
is evidence that they confine pupils to what has been set by the teacher, and there is 
no indication of meaningful learning through activities planned by pupils 
themselves. Teachers generally believe that pupils learn science effectively without 
them questioning the pupils' initial ideas. Indeed, teachers are not generally aware 
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that pupils have initial ideas which must be taken into account. There is no doubt 
that the strategies used are encouraged by the simple explanation in the curriculum 
guide. In this sense, teachers implement the curriculum as specified by the 
curriculum guide, but they lack the science pedagogical knowledge to teach science 
from a pupil's perspective. Teachers identify pupils' ideas through questions at the 
start of the lesson. This is what teachers understand as 'probing pupils' prior 
knowledge' but this is not followed up in a meaningful way. It is still a recipe 
approach. The influence of children's existing ideas on their learning in science is 
becoming increasingly recognised (Driver 1983, Driver, Guesne and Tiberghien, 
1985, Bradley 1996, Harlen 1993a, 1996, Harlen and Jelly 1997, McGuigan and 
Schilling 1997, Watt 1998, Hodson 1998). Therefore, Malaysian primary science 
teachers need to understand the effectiveness of using children's ideas in science 
learning to develop pupils' conceptual understanding in science. With this 
understanding, teachers might be able to develop a constructivist approach. 
5.3.3 Teachers'science pedagogical knowledge in helping them inWIement the 
curriculum 
(a) The types of teaching approach teachers most often use in their science classes 
Two teaching approaches are suggested in the curriculum guide - guided inquiry- 
discovery and constructivist. 12 teachers state that they use the fonner approach and 
two the latter approach. This is consistent with teachers" opinions on the role of 
practical activities in helping pupils learn science. For teachers, enquiry means 
pupils answering prepared questions and doing tasks from worksheets, or exercise 
sheets: 
'I usually use guided inquiry and experiment and I use questionsfor the inquiry. So if I use 
the experiment method in an inquiry manner, pupils will get a task card containing the 
instructions. Then I give a brief cTlanation of how to do the eVeriment. Men I distribute 
187 
the apparatus and materials, andpupils willproceed I will go to every group to observe 
their work and if they are wrong I will correct them. 77ds Is if there are sufficient 
cpparatuses. If there is not enough, I will do a demonstration and call up group by group. If 
the lessons do not involve ex1mriment, I will use a question-answer approach or group 
discussiom That is my mostftequently use strategy. ' (AA) 
This typical response illustrates the emphasis that the teacher gives to inquiry -the 
pupils follow the instruction card and the given explanation of how to carry out the 
experiment or discussion. The 'inquiry' for teachers consists of the questions posed 
in the experiment or discussion to be answered by the pupils. However, Atlay and 
Edwards (1993) point out: 
'Simple involvement In "learning as inquiry" activities is not sufficient in itselffor 
students to come to an appreciation of scientific inquiry. ney may also need to be 
involved in an explicit examination of the processes through which scientists create 
knowledge. '(p. 84) 
The implication is that teachers need to redefline their understanding of the term 
'inquiry' as discussed in the science education literature. The evidence shows that 
6science as inquiry' is given first priority, but the ways teachers implement this 
contradicts the meanings given by the science education literature (See, for example 
Lucas cited in Atlay andEdwards, 1993). 
(b) The roles teachers most often play in their class 
12 respondents state that they act as guides in their classrooms. Ten see themselves 
as information-givers, five consider themselves to be facilitators, three are class 
controllers, two each are motivators and class managers, one is an expert and one is 
a demonstrator. 
The evidence thus suggests that teachers see themselves predominantly as guides for 
their pupils. Teaching strategies inevitably reflect this emphasis. Teachers believe 
that pupils will not be able to carry out activities without teacher guidance. This 
preconception greatly influences teachers' science pedagogy, as shown in answers to 
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other interview questions. Schilling (1993) points out that 'To provide too much 
direction and too many solutions and answers can destroy children's motivation. So 
too does the frustration of perceived failures, which children can experience when 
they are unclear how to begin an investigation, how to improvise a piece of 
equipment or what to record (p. 146)'. This implies that the guidance teachers give to 
pupils must be carefully considered. The importance teachers attach to their roles as 
guides (12 teachers) and information-givers (10 teachers) conflicts in some ways 
with their statements that it is important for pupils to learn science through practical 
activity. They stress that practical activity will help pupils understand science 
concepts but in practice it is not an investigative type of activity, even though 
teachers attempt to apply pupil-centred experiential learning and give importance to 
pupils' engagement in practical activity and discovery. It seems that pupils' grasp of 
important science concepts is not based on conceptual understanding but is 
transmitted by teachers through their role as information-givers. 
(c) The extent to which teachers or pupils control learning in the science class 
In order to seek teachers opinions in the controls of learning in science class, 
teachers are asked to form an estimation of the controls they have on pupils in 
science lessons in terms of percentages. 
Table 5.11 indicates that teachers' control of science lessons is influenced by two 
factors: the children's ability and the teaching strategies used, although only two 
respondents emphasise the latter. MA states that, even though he includes 
experiments (practical activity), it is the teacher (70% - teacher control learning in 
experiments and 90%- teacher control learning in questioning-answers approach) 
that controls learning. In fact, it is the same in all the classes he teaches despite 
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pupils' ability. It is different in the case of ZA. She claims that she controls the 
learning 100% of the time during experimental work (practical activity) but she only 
controls the class 10% of the time if pupils are engaged in group discussion. Both 
teachers maintain tight control over the prepared activity given to the pupils. 
Respondent Good class Weak class AMraýe class 
Teacher Pupa Teacher [TuWil Teacher I Pupil 
AA 60% 400/6 Overall 
BA 30% 70% 80% 20% 50% 150% 
Jz 70% 3 0*/o 801YO 20% As in good class 
MA (Depends 
on strategy) 
70% 
90% 
30%experirnent. 
10% questions. 
91yyO 100/0 As in good class 
MY 60% 40% Overall 
NB 30% 70% Overall 
NH M 70% Overall 
NU 20 */o 8 (MG 70% 3 Ma 50% 150% 
RU 500/0 50% 1000/0 - As in good class 
SH 60% 4(r/o 8 (MO 20% As in good class 
so 400/6 60% 60% 40%_ As in Rood class 
SS 600/6 40% 90% 10% 1 As in good class 
ZA (Depends on 
strategy) 
10% 
100% experiment. 
90% discussion. Overall 
DZ 20% 800/0 80% 120% 1 As in good class 
Table 5.11 Teacher control in science lessons 
This evidence is confirmed by data from the other respondents. Five of them show 
that their control of pupils' learning in science is similar despite pupils' ability. Six 
respondents state that they allow pupils control over their own learning. But most of 
them agree that this only applies to high-ability pupils. When it comes to weak 
pupils, control is in the hands of the teacher. 
Thus, the evidence shows that most teachers control the learning of science, thus 
reflecting their roles as guides and infonnation-givers. Hence, teachers feel that they, 
rather than their pupils, must have authority in controlling science learning, and in 
the weaker classes the control is absolute. Those who state that they give more 
control to their pupils for their own learning were not seen to do so in the classroom 
observafions. 
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5.3.3.1 Teachers'views on constructivist teachingl learning approaches 
Most respondents (ten out of 14) agree that the constructivist approach is only 
suitable for good classes (pupils of high-ability). One respondent states that it is 
applicable but not practical due to constraints of time, apparatus and teacher 
preparation. Another states that he does not understand the constructivist approach 
even though he has attended the 14-week in-service distance learning course on the 
primary science curriculum. Two respondents state that the approach is not 
applicable at all for their pupils. The majority, who agree on its suitability for good 
classes, think that high-ability pupils are able to put forward their ideas. However, 
even then, they only use some elements of the constructivist approach: 
T only use some elements of the approach I seldom use it because I can'Ifinish it. I seldom 
do the reflection part but I do use the generating ideas phase. So I do use it, but not totally 
because of time constraints and too much pupil activity. However, I only use itfor good and 
average classes. Ae weak class - if I want to waitfor them to generate ideas I will not get 
them before the lesson ends. '(AA) 
Two other respondents observed: 
'From what I see, it is good Teachersprobepupils'knowledge, andgive pupils the 
opportunity to apply it. Sometimes we can7just guide them. Looking at mypupils'prior 
knowledge and backgro=4 theyjust cannot. Ijust guide them to give ideas, they cannot do 
it. Sometimes I only give questions, but they cannot answer. So it is not applicable totally due 
to their background '(R[9 
'For Year 4 pupils, first I cannot use this approach because of the pupils' level. I wn 
teaching Year 4, Ifeel mypupils will not be able to learn ifI use constructivism. Ifeel at this 
initial stage, they have only started to learn science and there is a lot they don't know and 
need a lot ofguidanceftom teachers. ' (SS) 
This evidence again shows that teachers have preconceived ideas that pupils do not 
know anything, have no prior knowledge, and have an inadequate background. 
Teachers do not think that children have accumulated knowledge and their own 
ideas. This lack of science pedagogical knowledge of how children learn results in 
teachers saying that the approach is good, but they also produce reasons for not using 
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it. All 13 teachers (except for one who does not understand it) agree that the 
approach is good. The implication is that they do not really know how to practice it 
or they have little knowledge of it and, since it is only briefly described in the 
curriculum guide, they are reluctant to admit it. In this context, Hand and Treagust 
(1994) found that an in-service programme was able to encourage teachers to 
implement and reflect on constructivist approaches. There was a distinct change in 
the way teachers viewed classrooms, and this changes was related to issues such as 
the separation of control of learning from management, the valuing of student 
knowledge, and the need to involve students within the learning process. Therefore, 
an immediate step has to be made to develop an in-service programme to help the 
Malaysian primary science teachers understand the effectiveness of teaching science 
from a constructivist perspective so that they can use this method in their 
classrooms. 
(a) Teachers' opinions on taking account of children's ideas in teaching science 
Thirteen out of the 14 teachers state that they give full consideration to children's 
ideas when teaching science. However, to them a child's idea is an answer given to a 
teacher's question, usually to find out how much pupils know about the topic. This 
idea is not actually used in the lesson, as teachers have already prepared their lesson 
plans and they will continue with whatever activity they have prepared. Teachers 
relate pupils' ideas to a brainstorming concept: 
' It's like brainstorming All answers pupils give I will accept, then divide them. Then I will 
list them down. 7hen I discuss in the questionlanswer session why some answers are 
acceptable and some answers are not. So pupils will know. I don't kill their interest, meaning 
that if I have the question sessions pupils willfeel comfortable to give ideas when I do the 
discussion. Evenfrom the weak class I have to accept their ideas because if I say it is wrong 
it will influence the others and they will keep quiet and not speak 'OM) 
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Even though teachers claim to give full consideration to pupils' ideas, they are 
actually referring to pupils' responses towards their questions during the lesson: 
In teaching it depends on topic. & "at I usually do is brainstorming. In a lesson during an 
induction set, I will do brainstorming and askpupils to give Ideas. I give questions, pupils 
will give answers to the questions or what they think the answer is. Every pupil will give his 
or her ideas. I do not mind tf the answer is correct or wrong. Yhen I will take the pupils' 
ideas to continue the lesson So if I don't brainstorm, I will do it through questioning and 
ptpils who have experience ofwhat I askedwouldgive the answer. '(DZ) 
Only one respondent admits that she does not give consideration to pupils' ideas 
because the time allowed for lessons is too short. She also states that sometimes she 
feels that the ideas pupils give are nonsense, as pupils don't really know anything, 
especially the Year 4 pupils. 
This evidence confirms the data on the teaching strategies that teachers use. In 
general, teachers prefer practical activity, but this is still teacher-directed leaming. 
As mentioned earlier, teachers need help in understanding how to value children's 
ideas as a starting point in a lesson and to use these ideas to develop the lesson 
further. 
(b) Teachers' opinions on recognising the importance of pupils' active participation 
in learning in their class 
I respondents state that they give importance to pupils' active participation in 
learning, but their comments on this subject vary: 
Active participation decreases discipline problems. 
Active participation makes lessons lively and interesting. 
Active participation helps teachers gain more information from pupas. 
Active participation reflects effective activities. 
Active participation reflects good teaching. 
Encourages pupas not involved by directing more questions to them. 
Gives group work to ensure active participation. 
Outdoor activity for weak pupils will ensure active participation. 
Participation occurs if the group is small. 
Pupils work in a group but note down results as individuals. 
Trains pupils to become confident and put forward their ideas. 
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Three teachers claim that they cannot give importance to active participation due to 
pupils' low- ability and the large size of the group. Teachers also state that there is 
not enough equipment. 
The evidence suggests that most teachers perceive that active participation in science 
learning is mainly physical in nature. When pupils are engaged in any activity, they 
are seen to be actively participating in learning. The reasons given reflect teachers' 
general pedagogical knowledge in ensuring pupils actively participate in the 
activities provided. Only one respondent relates active participation to pupils' 
scientific attitude -a confidence in putting forward ideas. This shows that these 
teachers believe that pupils must be actively engaged in a science lesson. . However, 
no respondents are critical of active learning, when pupils are engaged in making the 
learning meaningful, i. e. in understanding the link between real phenomena and the 
activities in the classroom. This is confirmed by the data below on teachers' 
opinions about 'pupils as active learners'. 
(c) Teachers' opinions on the idea that 'pupils are active learners'. 
Table 5.12 is a summary of teachers' responses to the activities related to pupils as 
dactive learners'. Teachers generally take the view that when pupils are engaged in a 
strategy, they are active learners. Teachers are unaware that the term might mean 
pupils having questions on the activities provided and debating their findings or 
conclusions. Teachers feel that pupils can be problem-solvers when guided by the 
teachers, but this is only applicable to high-ability pupils. This supports the beliefs 
that teachers have on guided-inquiry/discovery, which involves tight control of the 
teaching of science. 
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Respondent Activities Pupils Roles 
Problem solver Discoverer Experimenter 
AA Group-work, discussion, 
experiment 
(not all pupils) X X 
BA Contribution of ideas, group- 
work 
(high-ability pupils) X X 
iz Experiment -4 (sometimes) X X 
MA Experiment, project X(need to refer to 
teachers) 
X X 
NB Observation, experiment. 
project, simulation, quiz 
X X 
NH Practical activity, question- 
answer session 
(depends on activity) X 
NU Discussion, experiment (some) X 
RU Discussion, expenment X X 
so Experiment, discussion (with teacher's 
guidance) 
'4 (with teacher's guidance) X 
SS Experiment -4 4 (few pupils) (rew ilq 
SH Experiment -4 X X 
ZA Experiment, discussion X X 
DZ Practical activity (few pupils) (few pupils) 
MY Experiment X X 
Table S. 12 Teachers' opinions on the idea of 'pupils as active learners' 
A majority of respondents feel that pupils are not able to be experimenters. This 
results from their teaching styles -teaching is the following of instructions with 
teachers' explanations on the procedures to be carried out. Therefore, they believe 
that it is not possible for pupils to be experimenters. The implication is that what 
teachers understand as 'guidance' is actually instructions. This confusion has 
distorted teachers' understanding of the intended curriculum. Teachers' 
misjudgement of the nature of 'guided inquiry' has resulted in a traditional teaching 
approach to the primary school science curriculum i. e. with an emphasis verifying 
facts, proving theories, and following recipe methods of practical work. 
(d) Teachers' comments on the approach that they use in their science classes 
Table 5.13 summarises teachers' responses on the approaches they use in science 
teaching. Ten respondents use the guided inquiry-discovery method, as suggested by 
the curriculum guide, but stress that it is generally only applicable for good and 
average pupils. Two use a constructivist approach but only with good classes. One 
states that she only uses the suggested approach for Year 5, since it is not suitable for 
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other years due to the pressure of exams requirements. Teachers sometimes put their 
personal beliefs and priorities first before considering the intentions of the 
curriculum. Another respondent believes in combining approaches to make learning 
science fun. Again, this reflects his personal belief 
Approach Reasons Number of 
respondents 
Guided inquiry- Experimentý discussion searching, activities, suitable fbr A and B to 
discovery approach class not C 
Constructivism Suitable for good class, not applicable for weak class 2 
Approach depends Year 6-cannot apply any approach-rush to finish syllabus for exam I 
on situation Year 5- able to use guidod inquiry approach 
Year 4- syllabus too wide and pupils are new to science; approach is 
not applicable 
Nfixture of So that pupil will not get bored and stress, make teaming fim with I 
approaches riddles and etc. 
I 
Table 5.13 Teachers' opinions on approaches used in science lessons 
5.3.3.2 Teachers'knowledge oflearners'characteristics in science learning 
(a) Developing pupils' scientific skills 
Table 5.14 summarises teachers" responses on developing pupils' science process 
skills. Six processes are identified for developing these skills. A majority claim they 
develop pupils' science process skills by integrating them into the activities 
provided. 
Process 
Respondent Using 
questions on 
the SPS in 
every lesson 
Introduce the 
SPS in a 
special lesson 
first 
Integrate SPS 
into the activity 
Gradual 
increase of SPS 
level for pupils 
Inform pupils 
of the SPS that 
will be used 
before the 
lesson 
Inform pupils 
of the SPS that 
was used after 
the lesson 
AA 
iz 
MA 
MY 
NB 
NH 
NU -4 
RU 
SH -4 
so 
S-S -4 
ZA -4 
DZ 4 
TOTAL 4 4 7 4 3 1 
Table 5.14 Teachers' techniques for developing pupils, science process skills (SPS) in science lessons 
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This variation in developing sldlls is indicative of the importance teachers' attach to 
this objective because of its inclusion in the national exam. It is the most difficult 
and challenging factor for teachers in teaching science in primary school. However, 
the methods teachers use in promoting pupils' development of science process skills 
are questionable and somewhat unconvincing. 
HaTlen (2000) suggests that opportunities for process skill development have to be 
provided frequently, if not continuously. She further stresses that it is of no use if 
certain process skills are allocated in one or two sessions and then forgotten. In her 
view, there are certain things the teacher has to do to enable children to use and 
develop all the process sldlls. These include: 
providing an opportunity for children to encounter materials and phenomena to 
explore at first hand 
arranging for discussion in small groups and in the whole class about procedures 
that are planned or have been used, so as to identify ways in which they might be 
improved 
providing access to alternative procedures through discussion, books, etc. 
setting challenging tasks Whilst providing scaffolding so that children experience 
operating at a more advanced level 
" teaching the techniques needed for advanced skills, including the use of 
equipment, measuring instruments and conventional symbols 
" encouraging children through comment and questioning to check that their ideas 
are consistent with the available evidence 
" encouraging critical reflection on how they have learned and how this can be 
applied in future learning 
" using questioning to encourage the use of process skills, for example: 
- What would you like to know about ........ ? 
- Why do you think x is growing better than y.....? 
- What do you think will happen if ..... ? 
- What will you do to find out ...... ? 
- What differences do you notice.....? 
- Have you found any connection.....? 
- What is the best way to show what you found? (p. 189) 
197 
The techniques respondents use to develop pupils' science process skills imply that 
the respondents have oversimplified their approaches to developing these skills. 
Even though a majority claims to integrate the science process skills into practical 
activity, this is mostly done through questions on the worksheets. A few state that it 
is by using questions on science process skills in every lesson, but this is also 
through the worksheets. The point made by Harlen (2000), above, suggests that the 
roles teachers need to apply in developing pupils' science process skills include: 
providing materials, time and physical arrangement for children to study and 
interact with things from the environment; 
designing tasks that encourage discussion among small groups of children; 
discussing with children as individuals and in small groups; 
organising whole-class discussions; 
teaching the techniques of using equipment and the conventions of using 
graphs, tables, charts and symbols; 
providing books, displays, visits, visitors and access to other sources of 
information (p. 19 1) 
It seems that teachers are aware that these skills need to be integrated in the science 
activities, but the lack of science pedagogical knowledge means that the method of 
developing pupils' science skills is oversimplified. Teachers need to be enlightened 
on their strategies and roles in facilitating pupils' process skill development, and 
need to appreciate that questions given in worksheets should be supplemented by 
other but in more explicit techniques such as those suggested by Harlen (2000). 
(b) Developing pupils' scientific attitudes 
Table 5.15 summarises teachers' responses on developing pupils' scientific attitudes. 
The cumculum guide lists 12 scientific attitudes and noble values to be instilled in 
primary pupils. Module 4 -'Scientific Attitudes and Noble Values' as developed 
by CDC (1994d) outlines each of these scientific attitudes and noble values by giving 
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each of them indication keys for the purpose of evaluation. The module was 
prepared with a video to enhance teachers' understanding. 
Table 5.15 shows that six out of 12 scientific attitudes and noble values outlined by 
the curriculum guide were mentioned during the interviews. Among these, four are 
scientific attitudes (1- 4) and two (5 and 6) are noble values. 
Attitudes 
Respondent 1 2 3 4 5 6 
AA 
BA 
iz 
MA 
MY 
NB 
NH 
NU 
RU 
so 
SH 
SS 
ZA 
DZ 
TOTAL 5 10 1 4 1 
Table 5.15 Teachers' opinions on instilling scientific attitudes 
Unterest and curiosity in the environment, 2. honest and accurate in verifying data 
3. flexible and open-minded, 4. systematic and confident, 5. responsible for self safety and others 
including the environment, 6. grateful for God's given things 
The fact that most teachers refer to scientific attitudes related to recording and 
veriýing data is reflected in their teaching strategies, which mostly use practical 
activities. The implication is that when more emphasis is put on honesty and 
accuracy in recording and verifying data, it might diminish the role of other 
scientific attitudes such as 'flexible and open-minded', 'systematic and confident', 
and 'perseverance in handling things'. 
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Harlen (1993b) lists five scientific attitudes that are of particular relevance to 
science: curiosity, respect for evidence, flexibility, critical reflection, aný sensitivity 
to living things and the enviromnent. 
This shows some similarity with the scientific attitudes to be instilled in Malaysian 
primary pupils, especially flexibility and open-mindedness. Harlen (ibid. ) further 
explains that in terms of evidence, pupils need to show open-mindedness in changing 
their original views, perseverance in obtaining really convincing evidence, and 
willingness to consider conflicting evidence. She further explains that in terms of 
'flexibility' children need to be willing to reconsider ideas and recognise that ideas 
are tentative. Fostering these attitudes helps children to feel that they can participate 
in developing ideas rather than receiving 'the right ideas' from others. 
This implies that instilling scientific attitudes is an important area in science 
teaching. Developing these attitudes early means adults will be more responsible in 
their actions. However, the interviewees gave somewhat unconvincing responses on 
the importance of scientific attitudes. This is also reflected in their teaching. All the 
respondents' express similar beliefs about the development of pupils' scientific 
attitudes. They all agree that these scientific attitudes are integrated into the lesson 
through the activities, i. e. they are covered indirectly. The implication is that these 
attitudes are developed automatically and there is no need to teach them specifically. 
The development of scientific attitudes is not given much emphasis by primary 
school teachers. Most agreed that they only mention it in passing without stressing it: 
'It's not often, sometimes I don't remember, when I remember I mention it '(Z4) 
'Usually it is not given emphasis, Ijust mention it indirectly, maybe during the exercises. ' 
(SH) 
'Sometimes there are so many things I want to remember that Iforget to mention it even 
though I know it is importantfor children. ' (AA) 
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These responses indicate that the suggestion by CDC in Module 4 that teachers need 
to evaluate pupils' scientific attitudes is not actually implemented. Even though the 
Module states that these attitudes can be instilled indirectly in planned and 
unplanned situations, by suggesting that these attitudes can be evaluated using a 
prepared checklist it encourages teachers to regard this as an important issue in 
science teaching. Therefore a monitoring system needs to be developed in order to 
determine whether children actually foster these important scientific attitudes. 
5.4 Teachers' Views and Opinions on Barriers to Implementing the Primary 
Science Curriculum 
5.4.1 Teachersinitialperceptions of barriers to implementing theprimary science 
curriculum 
Barriers N=14 
Lack of apparatus, equipmýnt and material 9 
]PlupHs- abifity, large numbers, attitude 7 
Time allocation for science is too short 4 
Resources 4 
Teacher own inadequacy 3 
Support I 
Table 5.16 Teachers' opinions on the barriers to implementation of the primary 
science curriculum 
in the views of the respondents on the barriers to implementing the curriculum, six 
factors emerge. The main one is lack of apparatus, equipment and material for 
science teaching. Contributing to this are factors such as 'too many pupils in a class, 
4 apparatus does not come on time after being ordered', 'equipment and material 
provided are of low quality', 'lack of pupils reference books and textbooks which do 
not provide enough content for children'. The second major barrier is presented by 
pupil factors: - their abilities, their attitudes, their involvement in the lesson, and 
classes that are too large. Resources are also a problem. This includes the physical 
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structure of the science room -too small to accommodate large numbers of pupils; 
chairs and tables are not suitable for group work; not enough science rooms. Time 
allocation is also considered a barrier, teachers find that the time allocated is not 
enough for them to prepare and teach primary science. Three see themselves as a 
barrier to implementing the curriculum, admitting that they lack the necessary 
knowledge. Only one respondent feels that lack of administrative support is a factor. 
When teachers were further probed on teaching resources in their respective schools, 
II out of 14 respondents claimed to have enough resources to teach science. These 
include overhead projectors, commercial transparencies, charts and science 
reference books. Two teachers claim there are insufficient resources, but they were 
referring to lack of apparatus and equipment. Another felt that her school lacked 
science reference books for teachers as well as pupils. She claims that those 
provided for pupils in the library are at too high a level and, furthermore, they do not 
match the science topics. 
The evidence indicates that the most serious barrier teachers face in implementing 
the curriculum is lack of apparatus, material and equipment, with pupils factors also 
contributing. This is reflected in the teaching strategies which teachers most 
frequently use - practical activities. Therefore, teachers have difficulty in using the 
limited equipment with large numbers of pupils. The Malaysian Ministry of 
Education, especially the Supply, Privatisation and Development Division, should 
give this problem serious consideration. Classroom observations also confirmed that 
one set of apparatus was shared among six/seven pupils in a group, resulting in one 
or two pupils monopolising the activity. If this problem is not overcome, the quality 
of pupils' science learning is likely to remain lower than it should be. 
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5.4.2 Teachers'perceptions of the science room as an aid to science teaching 
There are a greater number of negative comments about the suitability of the science 
room than there are positive comments (Table 5.17). Teachers still need more aids 
and better facilities for teaching science, and such support should always be 
available to help them implement the curriculum. 
In practice, most schools have to share one science room between 10- 15 classes, 
resulting in limited access to the room. It is impossible for every science lesson to be 
carried out in the science room. When it is used, the science room generally provides 
a suitable learning environment for pupils, enabling them to get used to the 
apparatus and the systematic ways of working or doing science. 
Improvement here will help science lessons to be implemented as intended. Most 
schools, except newly built ones, have a science room modified from a classroom, 
reading room or any other available room in the school. Extra equipment and storage 
facilities reduce the working space. This was observed in nine scbools, wbere the 
children were cramped in the science room with hardly any space for movement. 
only one school had a spacious, purpose-built science room. 
Helpedhiot 
helped 
Reasons N- 
14 
Helped Easy to do group work with mixed-ability pupils in the science room 4 
Easy access to material and equipment 4 
Suitable as a science leaming environment 3 
Science room suitable for safety reasons I 
Did not helped Limited usage of science room due to many classes sharing one science room 7 
Size of science room too small for large numbers of pupils 5 
Water supply problems in the science room 3 
Physical structure of science room-tables, chairs 3 
Maintenance 2 
(the armngement of equipment and apparatus and 'after tcachce usage) 
Difficult to control class 2 
Science classroom situation e. g. next to music ro(xn I 
Blackout curtains not provided I 
Table 5.17 Teachers' responses on the support they received by having a science room 
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Teachers' perceptions of their science rooms in their schools confirm their 
arguments that this factor is a barrier to implementing the curriculum. This problem 
should be addressed immediately. 
5.4.3 Teachers'perceptions of the support they received in implementing the 
curriculum 
13 respondents had the support of the headteacher in implementing the curriculum. 
This support included the provision of resources, science equipment and materials 
within the budget specified by the ministry. Two respondents from the same school 
reported that they received moral support for their teaching strategies. Their 
headteacher is also a key science member of the District Education Office. The one 
respondent who did not feel that the headteacher supported him replied that all 
matters were discussed only with the head of science. 
12 respondents also mentioned colleagues' support. This included discussion on 
teaching strategies that were difficult for them to carry out in their classroom; 
support in terms of preparation of materials and apparatus and for science club 
activities. Only two respondents felt that their colleagues did not support them in 
implementing the curriculum: 
'No support, each of us have our own responsibilities. Only when there is a problem do we 
discuss it. I (Z4) 
The district education officers also support teachers in implementing the curriculum. 
They provide on-going courses for science teachers, which include briefings on 
teaching strategies, evaluation, and question and exam fonnats. They also visit 
schools for regular inspections. However, one respondent does not feel that the 
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district education officers support her in implementing the curriculum; they only 
dealt with the schools' administrator. 
Ten respondents state that the teacher activity centre does not support them in 
implementing the curriculum except by providing facilities for courses. The four 
who state that the teacher activity centre does support them mention courses on 
using the computer in teaching science and producing teaching aids for science. 
5.4.4 Teachers'opinions on the organisation ofpupils in science classes 
Respondents give four reasons -topic, teaching strategy, materials and time 
available - for using whole class, small group or individual teaching methods. 
Individual teaching is only use with weaker pupils or when particular problems arise: 
'Usually I will use a comhination of organisation, depending on topics. nether discussion 
is suitahlefor whole class teaching orpair teaching depends on the topics. For example, the 
earth and the universe topic. - sometimes pupils have no knowledge on the topic, so I will use 
whole class teaching. Like the 'living world'. pupils have knowledge of it, so group work or 
pair work isfor such easy topics. If I let them work individually sometimes it takes hat(an 
hour and they still don't know. So pair teaching is easier. Individual teaching is used when 
pupils'progress is slow; then I will call them up when there is a pro h lem. ' (NU) 
'I use all methods, but individual leaching isfor weak classes. If I use discussion or 
question-answer session, it will be whole class leaching. When I do activities it will be small 
group leaching, Indi vidual teaching is when pupils answer questions andfor the very weak 
pupils who cannot keep up with theirfriends. Sofrequently there is whole class teaching arid 
small group leaching. ' (R U) 
This shows that these teachers are aware that different ways of organising both the 
class and classroom are appropriate for different times and purposes. However, for 
grouping to contribute to teaching and learning it has to be more than a convenient 
seating arrangement. As Bradley (1996) observes: 
'Learning in groups is a more complex and demanding activity than whole class learning 
and cannotfunction effectively in a claýsrooin unless the children are able to respect their 
own and each other's learning and to use listening and negotiating skills. '(p. 115) 
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The decisions teachers make on the best organisation will depend on the particular 
activities and the size and composition of groups (Harlen 1996). Grouping cbildren 
for learning science should reflect teaching science as a way of doing, seeing and 
thinking, based on children's experiences and the concepts that they hold (Bradley 
1996). Unfortunately, this is not in the Malaysian primary science teachers' 
framework, and children's grouping is therefore essentially based on physical 
requirement such as materials, time and teaching strategies. Even though teachers 
mention group work, small group discussions, and whole class and individual work, 
this does not take account of the need for science activities to match the 
requirements of the children. It was observed that grouping children in science 
learning was intended to ensure that all pupils carried out the same work regardless 
of their needs and ideas. 
This shows that Malaysian primary science teachers need to understand that 
grouping children for effective science learning is not only for physical reasons, but 
is also related to how children learn best in a group. Bradley (1996) suggests that 
when teachers plan to group pupils for science learning, they need to ascertain the 
range of ideas held by the class. Then they can make decisions about which science 
concepts need to be taught next and what activities are most appropriate. 
5.5 Teachers' Personal Views on the Science Curriculum 
5.5.1 Teachers'opinions on theprimary science curriculum 
All teachers interviewed agree with the implementation of the new primary science 
curriculum. Four categories of response can be identified: 
It is abetter curriculum than 'Man and Environment' (Ten respondents) 
(The course before science was introduced as a separate subject) 
It is of personal interest (one respondent) 
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It prepares pupils for future needs. (two respondents) 
It prepares pupils for secondary science (one respondent) 
The references to 'Man and Environment' include comments that it is a combination 
of several subjects including science. Thus, very little science is taught and pupils 
have difficulty with science when they go to secondary schools. So for many of the 
respondents, the present science curriculum gives pupils knowledge and skills in 
science that are absent from 'Man and Environment'. The teaching community 
accepts the curriculum innovation willingly as a great improvement: 
'It should have been done earlier. Previously the 'Man and Environment'mixed everything 
so pupils were not clear about the things they learned and many things were left out. So 
when the learn science it is good The change is good 7he old curriculum should have been y 
continued and we should not have had 'Man and Environment. When 'Man and 
Environment'mixed everything, pupils Itnew very little science that was transmitted to them 
directly. '(NB) 
5.5.2 Teachers'conVarisons of the teaching ofsclence in the old and new 
curriculum 
Nine respondents (three who have not taught the old curriculum did not respond) 
find that teaching science is better than in the previous 'Man and Environment 
(MAE)' subject. However two respondents state that teaching MAE was as good as 
the present science cw-riculum. Comments on the two curricula include: 
" MAE is difficult to teach and a burden for teachers 
" MAE is easier to teach than science 
" MAE only transmits content to pupils, whereas science emphasises thinking 
skills and scientific skills 
" Science in MAE was not balanced 
" Science is easier to teach 
" Teaching science is challenging 
" Teaching science is systematic 
" There is a continuation in science compared to MAE 
There are pros and cons for both curricula. Some respondents state that it was easy to 
teach MAE since they only had to transmit knowledge to pupils without having to 
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develop any skills. Those who claim that MAE was difficult say that this was due to 
subjects being combined so they had to know them all in order to teach MAE. One 
respondent also feels that the science in MAE was not balanced because the 
emphasis was on living things, with nothing on physical science or materials. Those 
who claim it is easier to teach science say it is because it is now a focused subject 
and so the teacher can concentrate on one subject. One states that it is systematic and 
it has 'discipline'. Another feels that science teaching is easier because there is 
continuity and progression, making it easier to plan. 
5.5.21 The curriculum teachersfeel most comfortable with 
Eight respondents out of 11 are most comfortable with the science curriculum, and 
three feel most comfortable with the MAE curriculum. In analysing teachers' 
responses, the main reasons for feeling comfortable are: 
Science has focus 
Science has continuity 
Science has specific approaches and strategies 
Most respondents who claim that science has a focus imply that there is no need to 
refer to other subjects. Furthermore, one respondent feels that the syllabus is 
systematic and that it is easy to determine pupils' ability since the subject is now 
focused. That science has specific approaches and strategies makes it easier to teach 
the science curriculwn. The respondents also stress that they have guidelines on 
teaching the science process skills. Another respondent who says that science has 
continuity means that she is able to teach the skills and the content gradually to the 
required level. 
The three teachers who were most comfortable with the MAE gave the following 
reasons: 
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It was not an exam subject and there was no need to teach science process skills 
The topics covered in MAE were few and not onerous 
It focused on biology, which is what I was doing in my distance leaming. 
These reasons are very much personal ones, which do not interfere with the teachers' 
'comfort zone'. 
5.6 Teachers' Ideology on Primary Science Curriculum 
Here we analyse teacbers' attitudes, values and beliefs towards the primary science 
curriculum. 
5.6.1 Teachers'attitudes towards the primary science curriculum 
In looking at respondents' patterns of attitude (Appendix 5) towards the primary 
science curriculum, three common strands emerge: 
As a preparation for the children in secondary school 
Earlier implementation 
For the benefit of the children 
Out of 14 respondents, seven state that the primary science curriculum benefits 
children in several ways. Some of the reasons relate to children being able to 
develop their interests and intellectual capability: 
I Ifeel it is goodfor the primmy school children because it emphasises skills, increases 
interest and develops talent. ' (NB) 
'Pupils are able to explore their environment mid they enjoy learning new things. '(SO) 
II hope to develop pupils'ability in making decisions, and conclusions, and generating 
ideas. '(SS) 
These respondents feel positively towards the primary science curriculum, implying 
that in implementing the curriculum they will have pupils in mind when approaching 
the pedagogy of science. They will be approaching their teaching in a pupil-centred 
way. 
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Four respondents feet that the primary science curriculum prepares pupils for 
secondary school science. 
'It will be easierfor the pupils when they go to seconda7y school since they have a basic 
science, so it will be easierfor the secondary, ýchool teachers. '(7? U) 
The implication is that teachers' preconception of primary school science is that it 
gives a basic knowledge of science to the pupils. This is mainly a matter of content 
knowledge. 
can see that there is a bridge of Imowledgefrom Yeff 6 to Form 1. '(BA). 
Even though teachers feel positively towards the primary science curriculum, and 
will seek to implement the curriculum, they give more, emphasis to content 
knowledge and this is bound to influence the way they teach. 
Two respondents feel that the primary science curriculum should be implemented 
earlier.. Out of 14 respondents, only one has a negative attitude: 
Tie standard is too high. I remember that the last time I learnt science it was simple. Ais 
one is more detailed and the Form I science of the secondary school is also at this level. I 
feel it should be introduced, but the scope must be reduced' (JZ) 
This teacher agrees with the curriculum innovation but disagrees with the syllabus 
needs. This is reflected in her argument on the problems she faces in teaching 
primary science. It is not suitable for her pupils who, she says, are from rural areas 
and thus lack prior knowledge. Her understanding of primary science is that it is only 
effective with pupils with prior knowledge. She explains further: 
'It is difficulffor me to include thinking skills because pupils lack prior knowledge. so the 
teacher will have to speak all the time andpupils can't speak because they don't have 
knowledge and so have no thinking skills. '(JZ) 
She implies that not all the intended curriculum can be implemented. Her argument 
is based on pupils' abilities and enviromnent. This, in turn, suggests that teachers' 
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pedagogical knowledge is an important component of their attitudes towards 
innovation. Teachers' knowledge on learners' abilities is important in implementing 
the curriculum. Furthermore, teachers' own competency with the curriculum is also 
a factor influencing teacher attitudes towards the curriculum: 
'The exam questions include thinking skills. If it was given to me I would alsofind it difficult. 
In the last national exam question, I myselffound it difjIlculf not like last time. Now the 
questions are of a high stwidarc4 including the thinking skills. '(JZ) 
The implication is that teachers feel a sense of inadequacy and incompetence with 
the curriculum, and this is bound to effect its implementation. 
The pattern is that most respondents have positive attitudes towards the primary 
science curriculum. They agree with the innovation and are happy to accept the new 
curriculum. This shows that the innovators have been successful in persuading the 
implementers. However, teachers' agreement with the innovation does not mean that 
they understand the innovator's conceptual ideas as documented in the Teachers' 
Curriculum Guide and Teachers' Guidebook. 
In spite of their positive attitudes, respondents express some disagreement with 
certain procedural implementations. For example, they are concerned with the 
implementation of the new curriculum in Year 4. They are aware of the problems 
pupils face when suddenly exposed to science as a new subject. One respondent 
argues that: 
'"en it is implemented in Year 4, it is difficultfor the pupils to understand because only in 
this year are they exposed to science. Ifeel it is better if it is introducedftom Year I or at 
least it is done as science across the curriculum with other subjects. ' (DZ) 
They feel that there should be some kind of introduction to science in Phase I (Years 
2 and 3) for the pupils' benefit before they enter Year 4 for formal science 
learning. Teachers perceive that pupils are experiencing 'subject shock' and if it is 
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introduced earlier through cross- curriculum approaches, it will be a more gradual 
change for pupils and will help the implementation of the curriculum. 
This argument can be related to some of the concerns teachers have about pupils 
with respect to the new curriculum. They have a strong positive belief in the 
advantages of learning science, e. g. pupils' ability to become independent and 
develop thinking skills, but it is believed that these are gained only by the good 
pupils. On the other hand4 teachers' negative beliefs about the primary science 
curriculum include the problem of content overload, when pupils have to sit for the 
final examination in Year 6, and the difficulties with science process skills among 
the pupils, especially the weaker ones. 
Among the respondents, only one male teacher is very disappointed by the way the 
curriculum was implemented: 
'It was done in an ad-hoc manner. 7he Ministry made the plans but the preparation of the 
teachers was done in two weeks. All was covered in two weeks. It should have started in 
1996, but it was done earlier, in 1995. Most schools were unhappy. Aere was not enough 
equipment and the equipment provided was of low quality'. He adde&'Ihere was always a 
last minute direcfive, like the science process skills. nen I attended a course on thefirst 
national exam (TJPSI? ) for science, we were told not to leach the science process skills to the 
children, but about two to three months before the exam teachers were asked to teach the 
science process skills in that short period of tim e. It was stressfulfor the pupils. '(MA) 
This teacher feels that any curriculum innovation could have been done in a better 
way, with good planning and preparation, so that the curriculum could be 
implemented effectively. This suggests that when a centralised curriculum is to be 
adopted by schools, there are many obstacles to be faced. These can be seen in this 
teacher's responses towards the primary science curriculum's method of 
implementation. In general, all teachers in Malaysia agree with the innovation as it is 
a directive from the central government, and they are considered to be civil servants 
in the government sector. Hence, they abide by central legislative directives. Thus 
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most of them agree with the innovation. However, the disagreements and the 
feelings of dissatisfaction must also be taken into consideration. Generally, teachers' 
attitudes towards teaching the primary science curriculum are positive. Seven 
respondents show very positive attitudes towards teaching the subjects. Most of them 
stated their great interest and enjoyment in the subject. The seven teachers with 
mixed feelings stress that there were initial difficulties in teaching the subject but 
later they became used to it. Some mention the challenge they feel in teaching the 
subject. However, some important issues emerge: First, the exam-oriented culture 
teachers bring with them is of great significance: 
'I work hard to make them understang but it's enjoyable because I can see the output last 
year in their national exam result [UPSR]. ' OM 
'So pupils who cannot understand a concept will kam it by rote. This is not good because 
questions will now test pupils'thinking ability I (NH) 
'For science, I have satisfaction because it is tested in the national exam [UPSR], so science 
is given more importance. '(SH) 
Thus, science as a core subject in the primary curriculum and one that is tested in 
national examinations will ensure the implementation of the curriculum. This gives 
rise to another issue: whether the teachers teach the primary science curriculum on 
educational grounds or do so mainly to meet the exam requirements. As the above 
respondents teach Year 6 pupils who will be sitting for the exam, their main concern 
is with the exam results. 
Secondly, teachers are worried about pupils' deyelopment of science concepts: 
'Yhese children understand but sometimes they cannot see the concepts. AI the moment of 
discussion they seem able to understand but when asked later they do not remember. '(AW) 
'"en science was introduce4 it became a "solid" subject and I had to take time to make 
pupils understand the concepts. Ais is difficult'- (DZ) 
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These concerns reflect"the exam-oriented culture in Malaysia. The implication is that 
teachers find it difficult to transmit the science concepts. This evidence suggests that 
if pupils cannot understand science concepts it will be difficult for them to answer 
exam questions later, and that whatever reasons teachers give it will reflect on their 
attitudes in an exam-oriented culture. Teachers' concerns about pupils' development 
of science concepts should not only reflect pupils' outcomes in examinations but 
should also be related to the aims of learning science with understanding. This will 
only occur when there is a conceptual change. As Wilson (2000) observes: 
'Concepts allow us to cla&sify andprocess incoming information by drawing on past experiences. 
Successful integration of new concepts takesplace when the learner is able to categorise and 
store ideas in order to deal with them more efficiently. Conceptual change happens when narve 
beliefs about natural andsocialphenomena are replaced by more sophisticated ones'(p. 39) 
This implies that the respondents are not aware that difficulties in understanding 
concepts are due to pupils having a 'misconception' which has not been changed to 
the scientific view. This is influence by the teachers' views of how children learn 
science and the nature of children's ideas (discussed in Section 5.3.3.1 a, b and c) - 
a view which is not consistent with the science education literature. Therefore, there 
are many aspects of teaching and learning science in the primary school that teachers 
need to understand if they are to achieve high-quality primary science teaching. 
Surprisingly, only one respondent reflects critically on her teaching: 
'Sometimes Ifeel unsure of how to convey the lesson to my pupils, so it Is quite dijficult. I try 
a method and if it doesn't work I change the method'She adds: 'the scope of the subject is 
too wide and I am not sure how much content to give. ' (NB) 
It is uncommon for Malaysian teachers to reflect on their practice. But the teacher's 
comment shows the need for in-service support. Her feeling of inadequacy is a good 
reflection since it will help her to improve her teaching. The evidence is that 
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teachers should be self-reflective to improve their teaching practices, and this is one 
of the ways teachers can begin to implement the curriculum as intended. 
However, almost all the teachers' concerns are based on exams and the need for 
pupils to achieve good results. This is a consequence of the education system in 
Malaysia, which, puts enormous emphasis on the exams as a criterion for evaluating 
good schools and good teachers. So, teachers should not be blamed if the 
implementation of the intended curriculum is not as intended. The imbalance 
between the curriculum and the exam should be discussed if the curriculum is to be 
implemented as intended. 
The analysis of teachers' attitudes towards science in relation to other subjects 
shows a very positive attitude towards science compared to other subjects: nine out 
of 14 respondents give a positive response; three give a negative response, one is 
neutral and one does not respond. 
The three negative respondents claim that science needs a lot more preparation to 
teach - preparation of knowledge, teaching aids and equipment - and thus needs 
more time: 
'I cannot teach science without preparatiom ' (AA) 
Ihe difficulty is the equipment. Other subjects like Malay Language and Mathematics do 
not need equipment, but in science we need a lot of equipment if we want to carry out 
experiments. '(NB) 
The following is a more neutral reply: 
'All subjects are interrelated and the important thing is the learning skill. 'M 
Those who offer positive responses give three reasons why they like teaching science 
compared to other subjects: 
Science is based on facts. Thus, it is easy to get facts through books, references 
and experiment and observation; 
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The variety of strategies (activities) used is not boring. It is easy for pupils to 
understand through these activities, and some activities are interconnected with 
other subjects. 
Skills in science relate to thinking skills, problem-solving and making decisions. 
Most respondents like teaching the primary science curriculum and it seems that they 
prefer teaching science compared to other subjects. There is a positive attitude 
among most of the teachers to teach primary science despite any feelings of 
4uneasiness' in implementing the curriculum in their respective schools. 
5.6.2 Teachers'values in theprimary science curriculum 
In analysing teachers' values in the primary science curriculum, three questions were 
considered (Appendix 6). First, by looking at teachers' opinions on how they view a 
good science lesson, three categories of response were identified: approaches, 
classroom organisation and feedback from the pupils. 
There are different responses on the approaches used, and they reflect the teachers' 
belief that their own teaching methods are the best way to teach science: 
Group activity (three respondents) 
Doing experiment (eight respondents) 
Inquiry approach (guided inquiry approach) ( three respondents) 
The explanations respondents give when describing group activity as the best way to 
teach science are similar. They agree that group activity has a discussion session, 
then the appointment of a presenter, and then the presentation to the whole class as 
the final stage in reaching a conclusion. 
Those who maintain that a good science lesson is based on experiment, emphasise 
pupils' enthusiasm, (2) science process skills, (3) and the needs for science to 
include experiment. They feel that doing experiments will increase pupils, interest. 
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'I ahvays see that the strategy thatprovides the most interest to pupils is doing experiments. 
They really show enthusiasm when asked to collect the apparatus and cannot wait to start the 
experiment. 'OýM) 
For the second subgroup (science processes skills), respondents agree that in doing 
experiments pupils will gain process skills which will enhance their thinking and 
problem solving skills: 
'experiment.... when pupils have the science process skills, they will gain the thinking skills so 
when I ask them to analyse and classj& they will be able to do it I (MY) 
The third subgroup reflected the teachers' basic understanding of science education. 
By saying that science must include experiments, teachers seek to realise their values 
in classroom teaching. 
However, these three subgroups are inter-connected. When pupils have a deep 
interest in science, they are able to handle the learning by themselves through hands- 
on activities. This helps pupils to gain the science process skills. 
The third category, the inquiry teaching approach, leads to different opinions: 
'Inquiry teaching approach- purils raise problems.. carry out the activity and get the concept 
by themselves. ' (NB) 
'Guided inquiry approach-fton; pupils'experience and inquiry strategy. But I have to guide 
them, provide enough material and explanation. Pupils will remember easier through 
experience and they will understand easily. The inquiry approach - the pupils willfollow 
the task c=4 then they will have experience. ' (AA) 
'Inquiry approach- we start with a set induction to probe pupils'Anowledge about the topic. 
We want to use an inquiry strategy, we stimulate pupils until they are able to see what we 
really want to teach them. ' (SO) 
AA and SO acknowledge the inquiry approach but actually use a guided approach. 
Thus, this shows that they are following the curriculum and emphasise a guided 
approach to inquiry. However, we need to ask: do teachers understand the meaning 
of 'guided' or do they understand it to mean a teacher-directed lesson. The response 
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given by AA implies an emphasis on teacher-directed learning. This can be seen later 
in the analysis of classroom observation. 
One respondent commented that a good science lesson is when pupils raise the 
problem and carry out activities themselves. This teacher knows that an effective 
science lesson should use an inquiry approach, and to her this means not giving the 
concepts directly but through questioning (as stated also by SO) to stimulate pupils. 
In conclusion, teachers see a good science lesson as a pupil-centred. activity. In this 
sense, all respondents have similar values towards primary science and this is 
reflected in the implementation of the science curriculum in their classrooms. 
However, the issue here is whether teachers' concept of 'pupil-centred' involves 
merely giving pupils an activity, directing them and giving exercise questions to 
answer in order obtaining feedback. 
In terms of classroom organisation, 12 respondents state that grouping children in 
mixed- ability groups allows a good science lesson, but two do not. Those who group 
pupils by mixed ability give similar reasons, i. e. so that the good pupils will be able 
to help the weaker ones and there will be co-operation among them. Of the other two 
respondents, one allows pupils to select their friends for their group. Another selects 
pupils, but he makes sure that each group is of mixed gender. The selection methods 
are quite varied. Some teachers' values on selection are quite contrary to others. 
Most teachers select pupils to make up a mixed-ability group, but the respondent 
who lets pupils select themselves for a group believes that this allows pupils to the 
work better and the activity to run smoothly because they are able to tolerate each 
other. The respondent who believes in mixed-gender groups feels that certain 
activities might not be able to be carried out by one gender. For example, he states 
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that the girls might not want to handle worms whereas boys are more likely to! Most 
teachers believe that a good science lesson realises a mixed ability grouping (See, for 
example, Howe 1990). 
Feedback in a good science lesson has three subcategories as drawn from their 
responses: 
o Question-answer at the end of the session (seven respondents) 
Written exercise, test (eight respondents) 
* During the activity (four respondents) 
Seven respondents use a question-answer session at the end of the lesson and they 
say this enables them to know if pupils have understood the lesson: 
'"en I do the question-answer session, ifpupils are able to answer precisely then my 
teaching is okay andpupils understand what I have taught. '(SH) 
It is interesting to note that only four respondents are able to get feedback while 
teaching, e. g. through pupils' experimental results, pupils' discussion of results, and 
the presentation of the results: 
'When they are doing the experiment, I look at the groups which have finished and look at 
their results, mid also when they present and in their class discussion. ' (NB) 
This implies that teachers' pedagogical knowledge is used in their evaluation of their 
pupils and their teaching. However, it should be noted that these respondents still 
prefer the end-of- lesson technique of question-answer or written test for feedback. 
They do not consider if the evaluation or the feedback is at the end of the lesson, this 
is too late to make any adjustment in teaching. At the same time, most teachers agree 
that science lessons usually include practical activities, during which they are able to 
obtain feedback. 
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To conclude, in considering teachers' values about what constitute a good science 
lesson, the evidence suggests that they try to conform to what is suggested by the 
curriculum guide and use their own pedagogical knowledge to carry out successful 
science teaching. Teachers' statements generally reflected their own teaching 
strategies. 
They tend to regard content knowledge as the most important aspect of their 
teaching. This is hardly a surprise because of the system of education in Malaysia, 
which is highly exam-oriented, with teachers under considerable pressure to produce 
good exam results. This implies that even though teachers mention different 
approaches and techniques that should be used, their actual teaching emphasise the 
need to achieve good exam results. 
However, three respondents feel that it is most important to change attitudes among 
the pupils. They argue that a change of attitude will encourage pupils to become 
more responsible towards their learning, knowledge and skills, and be more positive 
towards science. 
Six respondents feel that thinking skills are the most important pupil outcome in 
science. They state that by gaining thinking skills pupils will also be able to acquire 
knowledge, be able to solve problems and develop science process skills: 
'Ainking skills. what is more important is the thinkingprocess, meaning that they can think 
and are able to solve problems and are able to give conclusions mid opinions. Ifeel I give 
more emphasis to thinking skills because if they have thinking skills they will be able to do 
everything else and be able to have a strong thinkingprocess. '(SS) 
One respondent felt that pupil self-satisfaction is the most important outcome in 
science: 
'A Pupil gets sellýwtislacliO, 'I For example, if he presents to his group and gives 
information, then he willfeelproud 777en when he learn, he getnew things, new experiences 
and will be able to apply them, not only in the classroom but outside. So when he get new 
things, he will be satisfied and he can applies it in his life. '(XM) 
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This is an interesting argument and shows that the values teachers' hold are not 
always the same, but are related to their personal circumstances. Teachers who have 
the responsibility for examination classes will have different values related to pupils' 
outcomes than those not teaching such classes. 
Finally, in terms of teachers' values relating to ways of helping educate pupils in 
science, seven respondents stress the importance of extra-curricular activities, 
especially science clubs. These are seen to increase pupils' interest through the use 
of science gardens, science quizzes, poster competitions, model-making and 
scrapbooks. Other ways include having good science reference books in the library 
and teaching science across the curriculum: 
'Another way to influence Pupils is through other subjects like Malay language. Also if a 
teacher teaches physical education, there is a science element. Now that physical education 
includes the health component, this is closely connected with science. It means that all 
subjects can help instil science. ' (SS) 
It has already been suggested that if cross-curriculum approaches were used with the 
Phase 1 pupils, science teachers would benefit because it would be easier for the 
teachers to teach as well as for children to understand science concepts. This idea 
has actually been put forward by the curriculum developers but has not been 
monitored. Thus some teacbers are not aware that it can be implemented. 
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5.6.3 Teachers'beliefs towards theprimary science curriculum 
To analyse teacher's beliefs on primary science education (Appendix 7). 'respondents 
were asked six questions. Three questions relate to teachers' philosophy and beliefs 
and how far these affect the implementation of the curriculum. Two further 
questions are concern teachers' beliefs in science as a process of inquiry and 
teachers' perceptions of how their science background enables them to teach 
science. One question seeks to identify the factors that influence the way they teach 
science. 
Looking at teachers' philosophy of science, three pattern of thinking emerge: 
* Future awareness (three respondents) 
* Classroom-based needs (six respondents) 
* Science as God's supremacy (three respondents) 
12 out of the 14 teachers responded, but two teachers declined to answer. They did 
not feel comfortable with the question saying it was at too high a level for them to 
answer. There is then a question on teachers' belief in science. 12 teachers 
responded and three categories emerged: 
Science is important for our pupils 
o Science is our life 
o Science is related to religion 
Teachers were asked how far their philosophy and belief in science affects the 
implementation of the primary science curriculum. Three patterns can be identified: 
* Implementation with a future awareness agenda (three respondents) 
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9 Implementation with a curriculum agenda (six respondents) 
* Implementation with religion values (three respondents) 
A question was also asked about teachers' opinions of science as a process of 
inquiry. All 14 respondents agree that science is a process of inquiry but they have 
different ideas about its meaning. Five respondents link science as a process of 
inquiry to doing experiments i. e. without experimenting, a pupil will not be engaged 
in a process of inquiry. Three others agree, but feel that it is not applicable to all 
pupils. For one respondent it means, 'searching' and for another it is experiential 
learning. One respondent relates science to pupils having a questioning mind, and 
two respondents related it to thinking skills. 
In analysing teachers' opinions on their own science background and whether they 
feel that it has equipped them to teach primary science, nine respondents state that 
their background has equipped them to teach science. However of these nine, three 
feel that they have some problems with the content of the primary science 
curriculum. Five respondents think that their own science backgrounds did not equip 
them to teach the primary science curriculum. 
Another set of questions to determine teachers' beliefs about science relate to 
influences on how they teach it (Appendix 8). Teachers' responses to pupils' 
influence can be categorised into four patterns of thinking: 
* No influence on teachers (three respondents) 
e Influenced by pupils' ability (eight respondents) 
* Influenced by pupils' prior knowledge (three respondents) 
9 Influenced by pupils' attitude (one respondent) 
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Teachers generally believe that in-service ýraining does influence the way they teach 
science. Out of 14 respondents, ten agree that in-service work influenced the way 
they teach science, and most state that it helped with the science process skills. 
However, four respondents feel that in-service courses did not influence them. 
13 respondents state that their science colleagues influence their practice, since there 
is a lot of discussion about strategies and the sharing of ideas. Only one respondent 
states that she does not think that her colleagues have any influence. 
Other influences mentioned by respondents as individuals are: 
& The Headteacher (one respondent) 
* Time allocated too short (two respondents) 
* Depends on topics of the lesson (two respondents) 
* Textbook and teacher guide book (One respondent) 
* Islamic religion (one respondent) 
* Science equipment (two respondents) 
o Other reference books and curriculum guide (one respondent) 
9' Self-preparation (one respondent) 
* Note giving (one respondent) 
5.7 Analysis of the Classroom Observations 
Two observations of each of the fourteen teachers were planned. However, in 
practice only ten teachers agreed to be observed twice and two teachers were only 
willing to be observed once. One teacher could only be observed once due to her 
being offered further study on a degree course before her second observation. One 
teacher could not be observed at all because she went on to further her studies before 
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the first observation. The teachers themselves determined the time available for the 
classroom observations. As a researcher, I felt that I needed to give them the 
freedom to choose whichever class and topic they wanted to teach and be 
comfortable when observed. Thus, the teachers determined the appointments. The 
only thing asked of them was that the period after the observation was a free period 
to enable an interview on the lesson observed. Generally, the time available for the 
lesson was about 60 minutes, a double period as specified in their timetable. The 
main aids to observation were audio recording and field notes of the activities of 
teachers and pupils. The checklist prepared for the classroom observations was 
quickly abandoned since most primary science teaching observed did not exhibit the 
components from the checklist. Thus, during the observation field notes were kept, 
indicating the flow of the lessons and the events happening during the lessons. This 
seemed to be appropriate, since the lessons observed did not sho'w teachers' content 
knowledge requirement but rather revealed more of their science pedagogical 
content knowledge. 
An interview session was held immediately after the classroom observations to 
facilitate reflection and because teachers did not wish it to be long after the lessons 
they had taught. This was not always satisfactory, because sometimes the time for 
interview was so short (about 30 minutes) due to other commitments of the teacher. 
Even in these circumstances teachers were reluctant to continue after school. 
Togetber, these sources of information were intended to allow close analysis of the 
approaches taken in the lesson, as well as giving an indication of the context of the 
lesson in terms of teachers' science pedagogical knowledge in implementing the 
curriculum. 
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5.7.1 Analysis procedures 
The nature of the questions to be addressed in this part of the research required a 
qualitative approach to analysis, since the main objective of the classroom 
observation was to see how teachers implement the primary science curriculum at 
classroom level. Thus the observations were analysed using the same categories as 
those used in the interview sessions: 
o Strategy used 
* Pupils' development regarding science: science process skills, scientific attitudes 
* Teacher's content knowledge 
S. 7.2 An overview of the lessons 
Various aspects of the lessons are explored in greater detail in the analysis and 
interpretation sections. A detailed description of the classroom observations can be 
found in Appendix 10. A summary of the descriptions of the lesson with a focus on 
teachers' content knowledge is in Appendix 9. 
S. 7.3 Strategies used in the lessons 
5.7.3.1 Constructivist approach 
in the 23 lessons observed only two teachers claimed that they were using the 
constructivist approach. NB used this approach in both lessons observed and SO 
used it in the one lesson that was observed before she left for further studies. The 
other teachers claimed that they were using the guided-inquiry-discovery approach as 
suggested by the curriculum guide. 
In the three lessons which were described as constructivist, the teachers claimed that 
they were using the five phases of the approach, i. e. orientation, elicitation of ideas, 
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restructuring of ideas, application of ideas, and reflection (see, for example: Driver 
and Oldham 1986, Needham and Hill 1987, McGuigan and Russell 1997). 
In all three lessons observed, the orientation phase consisted of teachers either 
asking questions or using teaching aids for orientation on the topics to be taught. 
After the orientation phase, teachers did not elicit ideas and then plan activities but 
instead told pupils to do what had already been planned. Thus teachers' 
understanding of the constructivist approach is not clear: the notion of meaningful 
learning through children constructing their own learning seems not to have been 
understood by teachers. 
What teachers actually understand by orientation is merely an introduction to a 
lesson and, as observed, this phase only lasted five minutes. For example, SO's 
orientation phase sought to direct pupils to the concept that living things need food. 
She asked two simple questions: 'What have you eaten during your recess timeT and 
' Why do you eatT These questions were asked to arouse pupils' interest and 
curiosity but the pupils saw it as merely the introduction to the lesson. This did not 
show that the teacher was aware that this point is a crucial component to stimulate 
interest and curiosity. She was not aware that this phase is the beginning of the 
process of recognising pupils' ideas about the materials presented. There was no 
other stimulus as her starting point. Thus, this teacher's view of the orientation phase 
is that it should pose questions to pupils to get the lesson started. 
NB's technique in her orientation (two observed lessons) was somewhat different to 
that of SO. In both of her lessons, the orientation phase consisted of bringing to the 
class some teaching aids to catch pupils' interest but not to arouse curiosity. As in 
SO's lesson, there was no actual contact with the materials or events by the pupils. 
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This phase is important in encouraging children to explore their ideas within 
contexts which are relevant to their lives and experiences, and the key features of 
this phase is the provision of practical or familiar experiences (McGuigan and 
Russell 1997) which was absent from these teachers' observed lessons. 
The teachers' 'elicitation of ideas' phases were all prepared prior to the lessons. The 
observation showed that teachers' understanding of this phase was for pupils to show 
their prior knowledge of the concepts that the teachers wished to teach. For example, 
NB asked pupils to identify animals which give birth and those which lay eggs. In 
another of her lessons, the pupils made predictions about magnetic and non- 
magnetic materials. In both lessons, pupils were given a prepared worksheet to 
record their observations or discussion. By using the worksheet, the children 
understood that the lesson required the correct answers for the teacher. SO gave a 
drawn concept map for pupils to complete to show their knowledge of the concept. It 
was not the children's ideas that were being considered here, but their prior 
knowledge. There was no opportunity for pupils to raise questions, nor was there 
listening and talking to them so that the teacher could identify children's ideas. 
Instead the teacher monitored pupils to complete the task given so that at the end of 
this activity they would be able to present the result or the discussion on the 
worksheet. This is not the type of elicitation envisaged by the constructivists. There 
was no elicitation of pupils' ideas which encouraged them to clarify their thinking. 
The activity given by the teacher was so structured that there was no opportunity for 
pupils to raise questions. This would actually help children to clarify what they 
already thought and knew and what they wanted to find more about. Hence, the 
activities provided by these teachers did not encourage pupils to raise questions but 
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instead invited them to answer questions given in the worksheet. As Hodson (199 8) 
observes, in acknowledging and exploring pupils' ideas the aim should be to create 
opportunities for pupils to make their own ideas explicit, share them with others, 
subject them to critical scrutiny and test their robustness by observation and/ or 
experiment. McGuigan and Russell (1997) suggest that aspects of this phase should 
include: teachers' use of a variety of ways of finding out and probing children's 
ideas, the valuing of children's expression of ideas, and the use of children's ideas as 
the basis of formative assessment to inform subsequent teaching. These aspects were 
not observed. 
In the 'restructuring of ideas' phase, teachers planned the lesson with an activity that 
made pupils realise the scientific concept they should have gained from the previous 
activity. SO introduced the terminology of herbivore, carnivore and omnivore, which 
she called 'the concepts'. After the introduction, pupils carried another activity to 
match the concept the teacher wanted them to acquire. It was with the same 
understanding that NB planned her 'restructuring of ideas' phase. In one of her 
lessons, this phase was observed to involve pupils making predictions on magnetic 
materials, then classifying magnetic and non-magnetic materials. In the other lesson, 
NB checked pupils' presentation of the activity in the elicitation phase and then gave 
further input and some explanation of the concept. It can thus be seen that these 
teachers' understanding of the restructuring phase is to prepare an activity to correct 
pupils' wrong answers (not concepts) from the previous activity. There were no 
elements of pupils testing their ideas; both the elicitation of ideas and the 
restructuring of ideas were pre-planned by the teacher. Pupils were not given any 
opportunity to plan or design a test to enhance their understanding of the concept. 
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They were also deprived of the opportunity to use their investigative skills to clarify 
and support their personal thinking. If pupils are allowed to test their ideas, they will 
be better able to understand the concepts, and it will be significant for them to link 
their ideas with scientific concepts. In practice, the concepts were not built upon or 
constructed by pupils but were still based on a teacher- directed activity, which 
forced concepts onto pupils with activity merely a means of getting pupils involved 
in the lessons. This phase should include components such as: 'learning 
opportunities make some contact with children's ideas', 'children are encouraged to 
support their ideas with evidence', 'children decide what constitutes evidence' and 
'teachers promote children's learning by helping them gather and reflect upon 
relevant evidence and the implications for their previously expressed ideas' 
(McGuigan and Russell 1997). These were absent from the teachers' observed 
lessons. 
In these lessons, the 'application' phase was used to produce an outcome from the 
lesson. For example, NB made pupils produce a scrapbook on animals' ways of 
breeding. In another lesson, she wanted pupils to find out more things that are 
magnetic and non-magnetic in the science room. For SO, the idea of 'application of 
ideas' was for pupils to make a classification of animas eating habits. This activity 
did not give pupils the opportunity to solve any problems in order to see if they could 
apply and transfer acquired knowledge and skills. According to Scott, Dyson and 
Gater (1987): 
'In the application phase. pupils are given the opportunity to use their developing ideas in a 
variety of situations, bothfamiliar and novel. 7hus new concepts may be consolidated and 
reinforced by extending the context within which they are seen to be useful. Application 
-task I might includefurther experimental work, creative writing, discussion work and so on. 
(p. 14) 
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The final phase was 'reflection. Reflection or review for the teachers meant the 
conclusion of the lesson. For NB both of her conclusions involved asking pupils 
questions about the lessons and inviting them to complete a concept map she had 
prepared. As for SO, her reflection was to give a verbal problem to be solved by 
pupils concerning the concepts leamt. Both lessons were concluded by the teachers 
themselves and not by the pupils. Hodson (199 8) points out that reflecting on their 
own learning helps students to appreciate that conceptual change is involved in 
learning. In reviewing change in ideas Scott, Dyson and Gater (1987) invite pupils to 
reflect on how their ideas have changed by drawing comparisons between their 
thinking now and at the start of the unit. These elements of reflection were not 
present in the lessons observed. 
Conclusion 
it seems that Malaysian primary teachers' do not have an in-depth understanding of 
the constructivist approach. What could be seen was a teaching strategy which was 
very much teacher-centred. Most activities were directed and instructional and there 
was no evidence to show that pupils might construct their learning using their own 
ideas. All activities were tightly controlled and planned. Even the making of a 
concept map did not allow pupils to demonstrate their creativity. 
What was seen was the teacher regulating verbally the ideas or concepts that pupils 
should gain from the activities. This was done as early as the introduction phase. 
Pupils were told what they were supposed to learn. from the activity. During the 
activity or the group discussions or the whole class discussions, pupils were 
controlled by the teacher - including the information under discussion and the 
direction of the discussion by the class or group. This was done through the 
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worksheet that had been prepared earlier. Another aspect of this controlled activity 
was that the teacher initiated the answering of questions but did not comment or 
suggest ideas. It took the form of exchanges within a sequence regulated by the 
teacher. The teacher chose children's answers selectively in order to arrive at the 
answer that was wanted- 
Thus, central to all the lessons was the teacher's exposition. The teacher tightly 
controlled the talk and activity children were engaged in to serve the purpose of 
putting across certain ideas or concepts to be learned. The activities tended to follow 
input by the teacher, instead of developing from children's ideas. They were 
therefore seen as a means of illustrating the scientific concepts and act as a 
confirmation. As Drummond (cited in Frost, 1997) observes: 
'It is children's learning that must be the subject of teachers'most energetic care and attention- 
not their lesson plans, or their schemes of work, or their rich and stimulating provision - but the learning that resulisftom ever . ý, thing they 
do (and do not do) in schools and classrooms. '(p. 10) 
The teachers whose lessons were observed did not put the energy, care and attentions 
into the children's learning. Teachers need to change their perception from a 
teacher-centred to a pupil-centred approach in order to teach according to 
constructivist techniques. However, Louden and Wallace (1994) show that it is not 
easy to change teachers' pedagogical beliefs and ideas they have used for a long 
time: 
'Clearly, "Malcolm "found it hard to participate in aprogramme which questioned his closely 
held values of teaching ... ... ... In the end, the struggle resulted in an attempt to integrate the 
programme's philosophy into his image of teaching while retaining his investment andpride in 
his skill as a teacher. ' (p. 652) 
Therefore, the respondents' science pedagogical content knowledge could be 
described as inadequate as shown by this classroom observation evidence. Teachers 
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need to be helped in implementing a constructivist approach. The process of 
becoming constructivist must involve teachers in reconstructing their own 
knowledge of science and of science teaching (Louden and Wallace 1994). The 
classroom observation confirmed the misunderstanding of the constructivist 
approach, as the questionnaire and interview data (discussed in Sections 4.4.1 and 
5.3.3.1 respectively) 
5,7.3.2 Guided inquiry-discovery approach 
Another approach to science teaching suggested by the curriculum developers is 
guided inquiry. Most of the teachers observed state that they frequently used this 
approach as it is appropriate and suitable for the pupils they teach. 
In all the teachers' patterns of teaching, it was observed that all activities pupils were 
engaged in were structured. Most lessons observed used the following patterns or 
procedures: 
1. The teacher explains the topic of the lesson as a brief introduction 
2. The teacher briefs pupils on the procedures they should follow to gather their 
data or for observation 
3. Pupils gather data or observe in the way prescribed 
4. Pupils organise data in tabular form or any form required by the teacher 
5. Pupils answer a series of questions about the data or observations (most of the 
questions involves science process skills) " 
6. Pupils present a conclusion of the activity (but mostly dictated by the teacher) 
This common pattern shown by teachers did not reflect a true guided inquiry/ 
discovery method. Them was no element of pupils' discovery because teachers had 
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already explained the concepts in their introduction. The activities given were 
intended to involve pupils according to the curriculum's pupils-centred approach. 
Furthermore, the activities were intended to confirm the scientific concepts that 
pupils had to learn. To the teachers 'guided' means that they have to tell the pupils 
everything. They do not realise that this is not really a guided lesson, but is 
instructional teaching. In all the observed lessons, the teachers gave instructions for 
every step of the lessons' development. Most of the practical work observed 
consisted of following the 'recipes-methods' to verify theory or to illustrate 
concepts, and much of the practical was routine. Teachers understood that pupils 
should be encouraged to discover science for themselves with teachers' 'guidance'. 
The focus was on scientific method with an underlying assumption that pupils had 
no prior knowledge, so that all observations were perceived as neutral. The most 
significant problem was that because the activities were relatively tightly controlled 
and the 'right answer' often apparent, there was little scope for 'discovery' in the 
true sense of the word. 
The classroom observations confirmed that teachers' values in teaching science 
stressed activity-based learning through a guided approach as shown by the interview 
data (Section 5.6.2). However, as the observation shows, the guided inquiry 
approach used by teachers is misleading. According to Bonnstetter (1998): 
' Guided inquiry still has the teacher selecting the topic, the question, andproviding the 
material, but students are required to design the investigation, analyse the results, and reach 
supportable conclusion. (p. 3) 
Howevcr, Bonnstettcr adds: 
'A recent teacher workshop suggested that both student and teacher be listed under the 
proceduresIdesign section. Yhey pointed out that many times we mustfluctuate between 
teacher and student directed at these interface components. ' (p. 3) 
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This implies that Malaysian primary science teachers use traditional hands-on 
(cookbook's) science experience. The teacher directs the decision-maldng from topic 
to conclusion. This traditional methodology is rather predictable: everyone works on 
the same task, follows the same plan, and works towards the same correct answer. 
Therefore, teachers claim that they use a guided inquiry approach does not 
correspond to the developers' intention. This is shown in one of the respondent's 
lessons on electricity and is reflected in his comments: 
'I have to demonstralefirst. I will show them how to connect the wires because if they do it, 
guided by charts in the workbook they will not be able to do it. This way the pupil will make 
less mistakes and it will save time, and then they can proceed with the activity andfollow the 
instructions. ' (AM) 
An important component in scientific inquiry is that questioning occurs throughout 
the inquiry learning process (Chaille and Britain cited in Schmidt 1999, Edwards 
1997, Chiappetta, 1997). Pupils must be able to ask questions about content 
according to their prior knowledge. Teachers could help pupils to experience inquiry 
leaming through the KWLQ procedure (Schmidt, 1999) - K- What I Know, W- 
What Do I Want To Find Out, L- What I Learned, Q- More Questions. 
The implication is that Malaysian primary science teachers' understanding of the 
guided inquiry approach is incorrect because it is based on the belief that pupils are 
unable to carry out any activities without their instruction. Furthennore, teachers' 
understanding of the guided inquiry approach needs to be developed in tenns of its 
meaning and application of the approach, e. g. by applying the KWLQ procedure. 
S. 7.4 Pupils'development in science 
To analyse teachers' understanding of the development of pupils in science, two 
aspects - science process skills and the scientific attitudes - were observed. 
235 
(a) Science process skills 
In teaching science process skills, the teachers exhibited similar patterns. The skills 
were incorporated during the activity but not taught in ways that helped pupils to 
acquire and develop the skills. 
As an example, JZ's lesson was on plant respiration. The teacher gave pupils a 
general question, "how do plant respire'? Then a boy answered, 'through leaves'. 
When the teacher asked for any other answers and received no response, she 
immediately said that this was their hypothesis: 'Plants respire through leaves. Thus, 
pupils were not taught that when they are doing an experiment, they should develop 
a hypothesis first so that in the experiment they will need to use other science 
process skills to develop the content or concepts. The lesson, in fact, was an 
instructed lesson and the science process skills were taught through the worksheet. 
on one occasion pupils said they did not know the tenn 'inference. The teacher 
explained the meaning and then gave the answer to the question on inference. This is 
further evidence that the development of the science process skills was geared 
entirely to the requirements of the examination, and not the learning needs of the 
pupils. 
However, it should be noted that teachers were able to blend the science process 
skills with the science concepts by using basic skills such as observing, classifying 
and predicting. The problems teachers had related to other process skills such as 
hypothesising, controlling variables, and making inferences. The observations 
confirmed that some respondents faced difficulty in trying to explain to pupils bow 
to develop a hypothesis. Furthermore, some of the respondents observed were not 
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able to explain which science process skills they wanted the pupils to acquire. Others 
just mentioned the relevant process skills somewhat unconvincingly. 
Observations showed that teachers divorced scientific skills from the content and the 
context. A majority of teachers were observed setting exercise questions after, rather 
than during, the practical activity. Thus, the science process skills were not an 
integral and continuous part of the process, rather an arranged appendage. One main 
reason for this was the expectation of pupils doing well in the final examination in 
Year 6. The examination includes science process skill questions as one part of the 
paper. This encourages teachers to exhibit a 'teach for the exam' syndrome. 
This analysis of science process skill acquisition by pupils confirms that the skills 
were not gained through the context of science; rather they were taught in a vacuum. 
The teachers' understanding of a process-led curriculum remained superficial, and 
factors such as the exam influenced the way teachers approached skills acquisition. 
The observation confirmed the importance teachers gave to objective (iii) 'develop 
scientific skills in an inquiring manner' (Section 4.3), pupil's most important 
characteristic as (ix) 'the child should be able to know some simple basic science 
process skills' (section 4.5.1) and the various methods used to develop pupils' 
scientific skills (section 5.3.3.2a). However, the developinent of the skills are not as 
suggested by Harlen (2000) (discussed in Section 5.332a). This indicates that 
primary science teachers in Malaysia lack important science pedagogical knowledge. 
(b) Scientific attitudes 
In the Malaysian context of the primary science curriculum, scientific attitudes are 
not given priority. For all teachers observed, these were developed co-incidentally 
during the activity and teachers did not emphasise or ever mention them to pupils. 
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One respondent state that she had more important things to think about and she 
forgot this objective. She added that pupils would gain it through their activities in 
the lessons. There is no doubt that these attitudes are developed through scientific 
activities, but by not realising this element, teachers do not take advantage of the 
situation to develop pupils' scientific attitudes from an early stage. 
The observation confirmed the finding of the interview data that the development of 
pupils' scientific attitudes (Section 5.3.3.2 b) is not important. This is also confirmed 
by the questionnaire result that only 3.1 % of teachers rank pupils' characteristic (xi) 
-show a set of scientific values on which to base his/her behaviour' as the most 
important skill (Section 4.5). 
The interpretation here is that these teachers' thinking about, and understanding, of 
the importance of scientific attitudes needs to change. Pupils' attitudes affect the 
willingness of individuals to take part in certain activities, and the way they respond 
to persons, objects or situations (Harlen-1996). Children should be taught scientific 
attitudes so that they will be drawn more towards science as a subject and will also 
have abetter understanding of science and further their interest in the subject. This 
attitude would help pupils to think and work scientifically and teachers should take it 
more seriously, notjust as an element to be acquirecL Teachers are responsible for 
developing these attitudes through encouragement and examples. 
5.7.5 Teachers'content knowledge 
In analysing teachers' content knowledge, an overall view of the lesson was taken. 
The teachers' content knowledge component was not great due to it being seen as a 
process rather than a contetit4ed'curriculum. However, it was observed that most of 
the content given to pupils was correct, covering such diverse topics as animals, 
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eating habits, conductors and insulators, energy and forces. A summary note of the 
observation is given in Appendix 10. 
Teachers' content knowledge was observed when: 
* Teachers presented content accurately (during explanation) (seven respondents) 
e They linked conceptual content to children's infonnal experiences (seven 
respondents) 
They defined terms and monitored their use (six respondents) 
9 They linked the present lesson conceptually to a previous lesson (four 
respondents) 
e They asked for conceptual understanding, rather than just for factual or 
procedural knowledge ( three respondents) 
* They used examples (two respondents) 
Only a few respondents (three in three lessons) asked for conceptual understanding. 
Most of the questions teachers asked sought more factual or procedural knowledge. 
Another factor that showed the limited application of teachers' content knowledge 
was that only two respondents were used examples, whereas they ought to use many 
examples, analogies and metaphors in their teaching. 
Most of teachers' content knowledge observed was accurate. They explained 
verbally or with the aid of transparencies. This was done by all respondents during 
the discussion of results or the conclusions to the lessons. Also teachers linked 
conceptual content to children's informal experiences when they asked questions on 
the application of a concept in pupils' everyday lives. In many lessons teachers 
placed an emphasis on the defitnition of terms. 
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Thus, in conclusion it can be stated that teachers' content knowledge reflects how 
they think and what they understand to be important, and is given mostly by 
transmission through definition or explanation during the discussion and conclusion 
of a lesson. However, it might be illuminating to analyse Malaysian primary 
teachers' content knowledge in more focused and detail research in future. 
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Chapter 6 DISCUSSION 
6.1 Introduction 
In this chapter the quantitative and the qualitative data are discussed. The findings 
are compared and an interpretation of the implementation of the Malaysian primary 
science curriculum at school level is offered. The implications that can be abstracted 
from the comparisons are considered. 
6.2 The Malaysian Primary Science Curriculum Objectives 
Both the quantitative and qualitative data provide strong evidence that a majority of 
teachers' agreed that a child should be given the opportunity to develop thinking 
skills to increase intellectual capability, and that this is the most important objective 
in the primary science curriculum. The second most important objective varies 
between the qualitative and quantitative data. A majority of teachers in the 
quantitative data sample selected objective (v), which states that the child should be 
given the opportunity to gain knowledge and understanding of science concepts and 
facts in order to understand both themselves and their environment. The qualitative 
data sample produced various responses. In general, teachers feel that the important 
objectives for pupils relate to gaining science knowledge. However, there are also 
respondents who believe that the acquisition of scientific skill and attitudes is also 
vitally important. It can be concluded that teachers see that it is important for pupils 
to develop thinking skills in order to gain science knowledge. Thus, these two 
objectives (i. e. objective (iii) to develop scientific skills in inquiring manner and 
objective (v) to gain knowledge and understanding of scientific concepts and facts in 
order to understand themselves and their environment) are both important for the 
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primary science curriculum. Ironically, both in the quantitative and qualitative data 
samples, teachers do not regard problem-solving ability as an important objectives 
(only two respondents give it as the second most important objective), although, 
presumably, there should be a relationship between problem-solving skills and the 
development of thinking skills. Teachers do not feel that the objective is important, 
and through both observation and interview it was found that teachers do not really 
let pupils set and solve problems by themselves. Problems are pre-set by teachers 
and the methods of how to solve them are given to the pupils. Thus, teachers do not 
implement this objective as they only give the problem as a prescribed activity. This 
may be due to their underestimation of the potential of their children for solving 
problems on their own. It also implies teachers' limited understanding of the 
meaning of problem-solving and how to use problem-solving methods in their 
classes and may explains their lack of focus on this objective during the interviews. 
in terms of the objectives that teachers found difficult to implement, both sets of 
data showed these were those that concern: 
developing thinking skills to increase intellectual capability 
" developing scientific skills and attitudes in an inquiring manner 
" gaining knowledge and understanding of scientific concepts and facts in order to understand 
themselves and their environment 
" developing the ability to solve problems and make responsible decisions 
In relation to objective (v) developing the ability to solve problems and make 
decisions, teachers' found it difficult to implement. This implies that when they 
could not implement it, the objective was not regarded as an important objective as 
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explained above. However, teachers' implicitly know that it is important as it is 
considered in the objectives that are difficult to implement. 
The findings indicate that teachers know what children should gain from the science 
curriculum. However the difficulties they face in implementing the important 
objectives is reflected in their responses in the interview especially concerning 
development of pupils thinking skills. Majority of the sample interviewed agreed 
that it is difficult to develop the above objectives and this is caused by a complex 
combination of factors. The data showed that majority of teachers regard their pupils 
as passive and need to be instructed. In this context teachers' feel that the 
environment mainly causes their pupils the inability to gain those objectives. 
Teachers believe that as these pupils are from rural areas they have inadequate 
exposure in science materials and also their low social economic status prevent them 
to achieve the objectives laid down by the curriculum developer. They also believe 
that pupils have poor attitude towards learning science, unable to think for 
themselves and need to be given instructions. Therefore, the perception teachers 
have on their pupils' hinders implementation of some important objectives in 
primary science education. As indicated in the interview on factors influencing the 
way they teach science, a majority of the sample agree that pupils" ability, attitude 
and prior knowledge have great influence. Many factors influence the degree to 
which teachers are able to implement the curriculum as intended by the developers. 
For example, understanding of the primary science curriculum objectives to be 
achieved, teachers' primary science pedagogical knowledge and the supplies of 
resources and materials. Thus, in the Malaysian context it is essential to help 
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teachers acquire the body of complex knowledge and skills that need to be integrated 
into everyday practice. 
The primary science curriculum is still considered to be a new reform in Malaysia, 
and teachers still find it difficult to implement it. Wallace and Louden (1992) argue 
that, when confronted by new problems and challenges, a teacher struggles to resolve 
them in a way that is consistent with the understanding that he or she brings to the 
problem at hand. This applies to Malaysian primary science teachers when handling 
the curriculum implementation. The understanding teachers bring to solve the 
problems is influenced by their pedagogical content knowledge. Teachers need not 
only a complex knowledge base to implement an effective programme, but they also 
require the ability to transform knowledge into pedagogical content knowledge 
(Peterson and Treagust cited in Baker 1994). This actually means how teachers 
translate and interpret content in their teaching. Smith and Neale's (1989) 
description of the pedagogical content knowledge appropriate for primary science 
includes knowledge of pupils' prior concepts, of strategies for teaching content, and 
of ways to shape and elaborate content, for example by using appropriate examples, 
explanations, analogies and metaphors. 
The difficulties teachers face in implementing the primary science objectives, which 
include thinking skills, scientific skills, science concepts and problem-solving 
abilities correspond to Smith and Neale's description of pedagogical content 
knowledge. This is related to children's prior concepts and the strategies for teaching 
the content. It shows that the difficulties arise due to the teachers' lack of 
pedagogical content knowledge. However, a majority of teachers blame their 
difficulties either on pupils' lack of ability or attitudes (the 'spoon-feeding 
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syndrome). Only two teachers from the sample admit the lack of their own 
knowledge in science teaching as a reason for not implementing the curriculum 
effectively. It appears that it is the teachers' orientation towards science as a body of 
knowledge that is the major cause of the problems they face. 
Smith and Neale's (1989) study found that: 
'Teacher's knowledge of the content, their translation of that content into appropriate 
andflerihie usage in lessons, their knowledge of children's likely preconceptions to be 
encountered in lessons and of effective leaching strategiesfor adiressing them, and 
especially their beliefs about the nature of science teaching, all proved to he critical 
components in the changes they were able to make in their teaching. '(p. 17) 
Thus, the difficulty that teachers feel they face are actually due to the lack of 
pedagogical content knowledge, which includes the components identified by Smith 
and Neale (1989). Other researchers in the field of teachers' pedagogical content 
knowledge come to similar conclusion (See, for example, Summers 1994, Baker 
1994, Stofflett 1994, Van Driel, Verloop, and de Vos 1998). As the interview data 
showed, the in-service courses given to teachers are limited to discussing teaching 
strategies and the explanation of the science process skills that should be taught to 
primary pupils. They admitted that these were explained as lectures but not on how 
to implement it in the classroom. As Joyce and Showers (cited in Harvey 1999) 
propose, one of the pedagogical elements needed for an INSET to have an impact is 
&coaching for application' i. e. support while practising the new skills on the job. 
Therefore in the context of the Malaysian primary science teachers to understand 
and achieve the primary science curriculum objectives they need classroom support 
to realise the new skills in order to achieve th6 intended objectives. This implies that 
the design of the INSET needs to consider the element of 'coaching for application' 
in the programme. However, this programme need to be effective and those who are 
giving the ongoing classroom support must be also be competent. 
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6.3 Malaysian Primary Science Teachers' Perceptions on the Nature of Primary 
Science Teaching 
In the context of the Malaysian primary science curriculum, teachers' perceptions of 
the nature of primary science teaching will be discussed in the context of their 
science pedagogical knowledge. This will be related to the teachers' understanding 
of teaching approaches, pupils' characteristics, the Toles teacher play, and pupils' 
classroom organisation in science lessons. The relationships between these 
perceptions and how they influence the implementation of the curriculum will be 
discussed. 
6.3.1 The teaching approaches 
The curriculum guide indicates that the teacbers are to use a guided inquiry and a 
constructivist approach. The teaching of science as enq'uiry, according to Schwab 
(1962), could be considered as 'teaching as enquiry' and 'science as enquiry. To 
him, 'teaching as enquiry' means a process of teaching and learning which is itself 
an enquiry, and 'science as enquiry' means instruction in which science is seen as a 
process of inquiry (p. 65). Therefore, in the context of the approach that is suggested 
for use with the Malaysian primary pupils, it is Schwab's concept of 'science as 
enquiry' ic is important. Teachers should have knowledge of instruction 
methods in which science is seen as a process of inquiry. The aim is not only the 
clarification and inculcation of a body of knowledge but the encouragement and 
guidance of a process of discovery on the part of the student (Schwab 1962, p. 66). 
Thui, teachers should also have knowledge of how to guide pupils in the process of 
discovery. According to Wellington (1981), discovery learning can be summarised as 
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child-centred, dialectic, open-ended, skill-oriented (process based), psychologically- 
based, concerned with the nature and philosophy of pcience, and emphasising a wide 
range of educational objectives, e. g. attitudes and values, and active learning. 
Wellington (198 1) also discusses the problems associated with discovery learning. 
These include the limited availability of apparatus, large class sizes, classroom 
control problems, and examination pressures. Wellington further argues that there is 
also the danger of poorly guided discovery learning. He explains that pupils might 
realise that they should discover a right answer and, especially the more intelligent 
ones, that their exciting open-ended investigations have only one right answer, i. e. 
the answer given by 'normal science'. 
The approach that teachers often use, as the qualitative data show, is the so-called 
guided inquiry approach (71%). They maintain that the approach is suitable for A 
and B classes but not for the weak classes. However, the classroom observation data 
show that the 'poorly guided discovery' approach is common. Teachers do not 
actually guide but rather instruct pupils during the activities in order to get to the 
6right' answer. As we have seen in the observation analysis, teachers structure their 
lessons with few opportunities for pupils actually to develop their problem-solving 
skills, which should be a key part of discovery leaming. It seems clear that if pupils 
are actually engaged in problem-solving skills, they should have a lot of questions 
either for their peers or for the teacher. But since problem-solving skills are not in 
the teachers' 'framework', they are not considered to be part of the discovery 
approach even though this is one of the primary science curriculum objectives. There 
has been no dialogue between teachers and on how pupils should solve problems; 
instead teachers explain every single detail of what pupils should do. This 
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emphasises the role of 'poorly guided discovery' in Malaysian primary science 
teaching. 
For those teachers using the constructivist approach (which is not favoured by 
teachers) there is a basic misunderstanding of the meaning of the approach. As 
discussed in the classroom observation analysis, this approach, like the inquiry 
discovery approach, is teacher-directed and tightly controlled. Teachers' 
understanding of the consideration of children's ideas is not consistent with the 
constructivist view. In the constructivist approach, considering children's ideas 
means encouraging the active construction of meaning by starting from a pupil's 
own ideas and providing opportunities for building on and modifying these towards a 
scientific theory (Driver and Oldham 1986). The teachers, however, simply rely on 
the answers they get from pupils'during the lessons' introduction. These answers are 
not used to build pupils' conceptual understanding. But when asked if they consider 
children's ideas, 93% of teachers state that they give full consideration. The meaning 
teachers attach to considering children's ideas in teaching science is not the same as 
the meaning implied in the constructivist approach. The same finding emerged from 
the quantitative data on teachers' views of the constructivist approach (Section 
4.4.1). The analysis shows that even though teachers agree with all the criteria in the 
constructivist approach, they do not agree on their relative importance. There is thus 
a discrepancy between the qualitative and the quantitative data on the constructivist 
approach. The quantitative data show that the suggested curriculum is being 
implemented as intended, with a constructivist approach being applied in the 
classroom, but the reality is that teachers have many difficulties in its application. 
The main difficulty, as shown by the observation and interviews is teachers' 
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understanding of the meaning of the approach; they do not have the science 
pedagogical knowledge of constructivism to teach science effectively. 
Another link to a constructivist approach is the idea of 'pupils as active learners'. 
However, the meaning of 'pupils as active learners' given by teachers depends on the 
activities they choose where pupils are involved in experimenting (which is actually 
practical work), the teachers maintain that pupils are involved actively in the lesson 
and take the role of problem- solvers (but the problems are prescribed and not 
developed by pupils themselves). There is no mentioned of providing opportunities 
for children to be involved in the learning process by actively working on their own 
ideas. 
However, active participation in learning is regarded as a key important issue in 
science teaching. Both the qualitative and quantitative data reveal agreement among 
teachers on the importance of pupils' active participation during science lessons. , 
79% of teachers interviewed state that they attach importance to pupils' active 
participation. 72% of respondents to the questionnaires claim that the idea of pupils 
as active learners is applicable in their classroom. Here 'active participation' means 
pupils being involved in the activities provided by teachers. Teachers also emphasise 
that it is only applicable to high-ability pupils with good interaction qualities, but 
there is no mention of children actively working with their own ideas. This confirms 
that the approaches used are mainly teacher-directed. 
The above analysis shows that the teaching approaches suggested by the curriculum 
developers are not realised in the classroom even despite the claims of teachers to 
the contrary. However, when teachers were interviewed about what they view as a 
4good science lesson', their responses included: having group activity, doing 
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experiments, and using a guided inquiry approach. What is clear is that teachers' 
understanding of a guided inquiry approach is not consistent with the meaning given 
by Schwab (1962) (see also, for example, Bonnstetter 1998). For two respondents, 
the guided inquiry approach means giving pupils enough material and explanation, 
and stimulating them through questioning so that they anticipate what they are going 
to be taught. Only one respondent said that the guided inquiry approach involves 
pupils raising problems and carrying out the activities to aid understanding. These 
different meanings that teachers have regarding the guided inquiry approach show 
that they relate their understanding closely to what they are doing in the classroom 
with their pupils. Observation also shows that teachers do not use any element of 
problem solving in the true sense. Another example of good science teaching is said 
to be group activity. For teachers, this includes information-searching, discussion 
and finally presentation to the whole class. However, a majority of teachers believe 
that doing experiments (i. e. practical activity) is viewed as good science teaching. 
Doing experiments means that pupils are given materials and procedures either in 
worksheets or workbooks. While pupils are engaged in the work, teachers monitor 
and help those groups having difficulty. Experiments are done in groups of six or 
seven pupils, and pupils answer the questions printed in the worksheet or workbook, 
which are discussed at the end of the lesson (to get the 'correct' answer). This is how 
teachers understand a 'good science lesson' and it shows that teachers acknowledge 
the importance of child-centred teaching. The data suggest that the approaches 
suggested were inadequately implemented, even though the teachers observed are 
experienced teachers. They do not have enough background in science or in science 
pedagogical knowledge. 
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However the qualitative data on factors influencing the way teachers teach science 
revealed that a majority of teachers belief that pupils ability and their prior 
knowledge has a great influence. In this context, these teachers in general agree that 
pupils from rural areas are of average or low ability. This will effect the way they 
teach science. Thus teachers will find difficulty using the strategies recommended by 
the developers. 
The short in-service courses given to teachers to introduce the curriculum, and the 
suggestions of approaches and strategies through lecture methods are not adequate 
for the effective implementation of the curriculum. There is evidence from the 
qualitative and quantitative data to support this argument. A majority of teachers 
agree that the in-service courses they attended mostly help them in the development 
of pupils' science process skills but there was no mention of the support on the 
strategies on teaching science. This indicates that primary science teachers need 
more support through better in-service courses that focus on changing teaching 
models and strategies. Harvey (1999) recommends that INSET for the pedagogical 
process should be phase in order for teachers to gain professional learning through 
4stages of development'. The first stage in his recommendation is the' security 
phase' and one of his recommendations in the workshop is that it should focus on 
building confidence in subject knowledge and technical proficiency with apparatus 
and that workshop inputs themselves should model activity-based learning. He 
further recommends that teachers should be provided with concrete models of 
practice in the form of demonstration lessons and that discussion of these might deal 
with personal and logistical implications of implementation. 
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Therefore in the context of the Malaysian in-service courses for the teachers teaching 
primary science need to be improved. An initiative towards developing teachers 
professional development should consider teachers' 'stages of development, 
(Harvey, 1999). This might improve teachers' pedagogical content knowledge as 
teachers' understanding is develop in stages and activity based learning will help 
teachers in implementing a new curriculum. 
6.3.2 Teachers'perspectives on pupils' characteristics In science learning 
In order to discuss finther the issue of teachers' science pedagogical knowledge, we 
will consider teachers' perspectives on pupils' characteristics in science teaming. In 
both the qualitative and quantitative samples, teachers attach importance to the 
development of science process skills. The three most important skills chosen were 
in the science process skill domain. The interview data on the development of 
science process skills revealed similar findings. There were various ways of 
incorporating these skills in the activities. The majority of teachers interviewed 
claimed that the skills are integrated into the lesson. As the classroom observation 
analysis showed, the science process skills were taught by the pupils answering 
questions on prepared worksheets. In practice, further questions on science process 
skills were given after the activity had been completed, and these had to be answered 
as a subsequent exercise. 
It is clear that teachers give too much importance to science process skills thus 
depriving the children of other skills highlighted by the curriculum developers. This 
reflects the formai of the examination, which focuses on one particular aspect of 
science process skills in the exam questions. Therefore, there is bound to be an 
imbalance in the development of pupils' characteristics in science by the end of the 
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primary school. Teachers will not develop critical and discriminating attitudes nor 
will they be able to produce enough pupils who are creative and inventive. We must 
have pupils who are able to talk about their opinions and convey their meanings 
clearly and accurately. We also need pupils with the ability to search for and acquire 
information. Even though these characteristics are regarded as important, they are 
not realised in the classroom. 
As mentioned earlier, teachers prefer the inquiry-discovery approach, which most of 
them regard as being through experimental work (actually, practical activity). They 
also feel that through experiment (practical activity) science process skills will be 
developed in pupils. However, the key issue is: do the teachers actually understand 
the links between teaming and the role of practical work? Our analysis of the 
classroom observations shows that science process skills are taught through prepared 
worksheets with questions on particular science process skills. Therefore, teachers 
need to understand how to achieve a balance between process, content and context in 
order to provide their pupils with the opportunities to relate actual experiences to 
ways of comprehending the environment (including interpreting and making sense of 
phenomena in terms of school science ideas), and to explore the range and limits of 
certain models and theories through investigation (Brook, Driver and Johnson, 
1989). Thus, if teachers see learning science as knowledge construction, the 
development of pupils' science process skills should also be seen in this light As 
Brook, Driver and Johnston (ibid. ) state: 
'If science lew-ning is about pupils constructing these ideasfor themselves and 
seeing them -as useful. the role of the teacher and of the teaching materials is to 
help pupils'shape their understandingsprogressively towards a science view'. 
(p. 77) 
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In order for Malaysian primary science teachers to be able to understand the 
importance of the balance between content, process and context, which might be 
achieved through the constructivist perspective, they need to be encouraged to 
change their views on teaching strategies. Hopefully, teachers will then be able to 
see that science process skills are not content-free and they will help pupils to 
develop science concepts constructively. 
Another key issue is teachers' understanding of practical work, which they regard as 
synonymous with experiment. Generally practical activities do not involve making 
any hypothesis or controlling variables but merely carrying out activities through 
observation and classification. Teachers feel that experiments help to enhance 
pupils' interest -one respondent stated that his class showed great enthusiasm 
when he introduced practical activity. Many respondents share the same view. 
Hodson (1990), in his critical analysis of practical work in school science, revealed 
that the claim that practical work has motivating power to stimulate interest and 
enjoyment is misleading. He suggested that motivation is not guaranteed by simply 
'doing practical work' unless children are provided with interesting and exciting 
experiments and they are allowed a measure of self-directed investigation. He further 
added that learners need an interest in, and a commitment to, the learning task that 
conventional practical work frequently does not provide. The commitment comes 
from personalising the experiment, by identifying for oneself a problem that is 
interesting and worth investigating, or by designing the procedure to be adapted. 
Therefore, the claims of the respondents in Malaysia are superficial in the sense that 
there is no element of self-directed investigation or personalising the experience; 
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pupils simply investigate teachers' problems and follow teachers' procedures. As 
Hodson (1990) states: 
'7he real source of the problem is that teachers pretend to children that the 
purpose ofsuch lesson is to engage in scientific enquiry (to discover) when the real 
purpose is to promote the acquisition ofparticular scientific knowledge (the 
establishedfacts). Thus although teachers refer to discovery they really mean "re- 
discovery " they have it in mind that childen will "discover " something in 
parlicular. '(p. 37) 
The problems identified by Hodson (ibid. ) were also observed in the classrooms of 
Malaysian primary science teachers, where all the experiment/practical work 
consisted of teachers' procedures. Thus the claim that they will motivate pupils has 
no real basis. 
The Malaysian primary science teachers' views on the children's characteristics in 
science lessons are very much related to the priority given to the objective of 
developing pupils' science process skills. Thus, when these skills are considered to 
be the most important focus in science learning, teachers give emphasis to practical 
work (experiment/ activities). It is the teachers' understanding that practical work 
will enable pupils to gain scientific skills, i. e. the skills pupils should acquire in 
science learning. 
Even though it has been argued that practical work can attain goals within the 
Cognitive, affective and practical domains (Hofstein 1988), Wellington (1998) puts 
forward counter arguments. According to him, practical work is not a good tool for 
teaching theories, as theories are about ideas and not things, and they involve 
abstract ideas which cannot be physically illustrated. This implies that involvement 
with materials does not guarantee a logical intellectual development. Wellington 
further argues that not all pupils will develop an interest and become motivated 
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towards science, but instead be 'turned-ofr by science if it 'goes wrong' or they 
cannot see the point of doing it. This is especially so if they are accustomed to the 
routine of 'rediscovery' and getting the 'correct" answer. Furthermore, the claim 
that it will help with their practical skills is countered by Wellington, who states that 
there is little evidence that the skills leamt in science are general and transferable or 
that they are of vocational value. Such arguments suggest that doing practical in 
science does not necessarily guarantee pupils' intellectual development. 
Pupils were observed to share a single apparatus between a group of six or seven. A 
large number of pupils in a group does not give opportunities for everyone to handle 
the apparatus and does not guarantee that everyone will attain practical skills. The 
teachers themselves admit that there is a lack of science apparatus and equipment. 
This is in accord with teachers' simplistic views that practical work will enhance 
pupils' practical skills and that a lack of apparatus is one factor that will hinder their 
development. 
Another key issue concerns teachers' opinions on enquiry learning. All teachers state 
they use a guided inquiry leaming approach, and that it is best to teach science using 
practical work (experiment/activities). Millar (1998) discusses the notion that 
6enquiry leaming' in science will result in explanations 'emerging' from 
observations if these are carefully structured and sequenced by the teacher and the 
teaching scheme: 
, it is that the purpose of much practical work in science is to build a bridge - 
between the realm of objects and observable properties on the one hand, and the 
realm of ideas on the other. If we do practical work "because science is a practical 
subject", then it is almost equally true that we do it "because science is a theoretical 
subject". '(p. 29) 
This implies that pupils should not only understand the scientific method per se but 
also scientific knowledge, which will be obtained as outlined by Millar above. 
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Teachers need to modify their understanding of the approaches they believe will help 
with pupils' scientific learning. A further implication is that there should be a 
communication strategy to help pupils understand scientific ideas. It was observed 
during science lessons that there was a lack of communication in the science 
classroom. Sutton (1998) suggests that pupils need time and freedom to do their own 
mental work, to summon up their 'grasp of mind' andto take possession of what 
they have seen and heard. This, he states, can help practical work- He suggests that 
pupils should come out with their own expression 'of what these people are on 
. -Ibout' and report that as the outcome of the lesson. He further suggests that teachers 
should coach pupils in more carefully argued communication at the reporting stage. 
The evidence clearly shows that the reporting by pupils involves giving the 'correct' 
answer. Even though teachers express a belief in enquiry learning and state that 
explanation will emerge from observation (Millar, 1998) they misinterpret this by 
providing an explanation for the pupils' observations. Teachers need to give space 
within a less tightly controlled science lesson, so that the children can do some 
mental work on their own. A rigid, structured lesson does not help pupils develop 
their potential, either in the cognitive or the practical domains. 
Another issue that emerges from practical work concerns the assessment of science 
process skills. As already explained, Year 6 pupils are assessed on the science 
process skills. One respondent mentioned that this assessment should not only be 
conducted in Year 6 but it should also be done continuously from Year 4. He feels 
that if the assessment starts as early as Year 4, pupils will be able to grasp the 
science process skills early, and by the end of primary schooling will be familiar 
with scientific method. As for the teachers, he said that not only Year 6 teachers, but 
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all teachers from Year 4 onwards, should be able to teach process skills. These 
opinions should be taken seriously in order to help teachers determine pupils' 
strengths and weaknesses in the skills continuouslY from Year 4 to Year 6. As 
Hofstein (1988) observes: 
'Continuous assessment on several occasions throughout the year is necesswy 
adequately to cover the variety of tasks and skills, which comprise a total 
programme ofpractical work With this involvement in the continuous assessment 
ofpractical skills, the teacher is likely to develop a greater awareness of the scope 
and objectives of the laboratory work, as well as identj&ing student strengths that 
otherwise may not have been reflected in more conventional assessment'. (p. 208) 
This implies that continuous assessment is good for both pupils and teachers and that 
the Curriculum Development Centre (CDC) should consider it seriously. It might 
also help to ensure that pupils entering the secondary school will not shy away from 
science subjects but be more confident in doing science at secondary level. 
The conclusion that can be drawn is that Malaysian primary science teachers' 
understanding of practical work reflects the focus and importance they give to 
science process skills. Thus, Malaysian teachers have a very simplistic view of the 
importance and objectives of practical work. They see practical work as a mean for 
pupils to gain the cognitive, affective and practical goals, especially the science 
process skills. Additionally, there is a bridge between cognitive and practical 
development that should be considered when doing practical work. However, 
teachers do not see the bridge; rather they make science process skills an appendage 
of science learning, whereas the two should be linked, integrated and embedded 
throughout the lesson. A major investment in in-service programmes for teachers is 
required to develop science pedagogical knowledge and to ensure the 
implementation of the science curriculum as the curriculum developers intended. 
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6.3.3 Roles teachersplay and pupils' organisation In science classroona 
Both the qualitative and quantitative data reveal similar findings on the roles 
teachers play in their science lessons. The role of information-giver is frequently 
used. However, the qualitative data reveal that the most frequent role is that of 
'guide'. As the qualitative data analysis shows, this role is very much linked to the 
strictly instructional nature of the lesson. 
Both sets of data confirm that the roles teachers most frequently play do not justify 
the claims made by teachers about the approaches they use. As discussed in the 
quantitative data analysis, the constructivist approach demands a different role from 
teachers. Inquiry approaches also demand roles which enable pupils to grasp science 
concepts for themselves. The curriculum developers suggest both of these 
approaches, but the data suggest that teachers' believe more in the role of 
infortnation-giver. This role corresponds to Malaysian exam-oriented culture. 
Teachers believe that by dispensing information, they will help pupils to answer the 
science content knowledge question in their examinations. Thus the role teachers 
assume is related to the constraints of the exam culture. 
The roles of teachers are also reflected in their classroom organisation. As the 
quantitative data shows, a majority of teachers organise their pupils mostly for whole 
class teaching and some small group work. This implies that in order to play the role 
of information-giver, teachers need to focus on whole class teaching. In this situation 
pupils are attentive and listen passively to the teachers' explanation. This is again 
confirmed by the ways in which the information-givers set tasks for pupils. They set 
tasks that are the same for all pupils and that do not take account of individual 
differences. This is obviously easier in whole class teaching: it is easier for the 
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preparation of the lesson and is less time-consuming than having to prepare different 
activities for different groups of pupils. This was also observed in the classrooms, 
where all the teachers observed used the same activities for all pupils, even though 
the teachers in the quantitative sample claimed that a majority of them give pupils 
tasks that stretched their ability. 
The analysis shows that six out of 14 respondents claim that pupils control learning 
for themselves and two out of these six claim that they let pupils control Icarning in 
all their classes irrespective of their ability. However, the overall data show that a 
majority of teachers control the children's learning. This evidence was also 
confirmed by the classroom observation. It was observed that all teachers guided 
their pupils closely in following instructions given to them in a worksheet or 
workbook. Pupils were observed waiting for teacbers' instructions in all the lessons. 
This shows that teachers expect pupils to carry out the activity prepared and answer 
the follow-up questions. A majority of respondents state that they control pupils' 
learning in all classes irrespective of ability. As commented by one respondent, in 
the weak class, he has to help pupils by showing them how to glue pictures and 
classify them. This confirms the observations that the roles teachers play and their 
classroom organisation are related to the control of pupils' learning in science 
lessons. When a teacher acts as an information-giver, he actually controls most of the 
pupils' leaming. 
it can be concluded that the teaching of science in primary schools still follow 
traditional methods, which are teacher-centred. What can be regarded as pupil- 
centred activities are the follow-up activities pupils carry out. The meaning teachers 
give to pupil-centred learning is synonymous with pupils carrying out the activity 
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provided, but without the element of pupils developing the conceptual meaning from 
the 'prescribed' problem-solving activity, which should be part of their own 
learning. The idea of a 'guided' inquiry-discovery approach is vague for teachers. it 
should be made clearer, and detailed explanations should be given so that teachers 
understand the concept of guided science learning (See, for example, Bonnstetter, 
1998) and ensure that it is different from the traditional school science teaching 
which has proved unsuccessful in the west (See, for example, Wellington 19 8 1). 
Teachers need to change the whole concept of their understanding of science 
teaching in relation to both the inquiry -discovery approach and the constructivist 
approach. If teachers could change to a constructivist approach, they would also 
satisfy the inquiry-discovery approach, since both require pupils to understand 
science concepts when they construct meaning through activity. 
6.4 Barriers to Implementing Primary Science 
40 
In discussing the barriers to implementing the primary science curriculum in 
Malaysia, the influences of certain factors emerging from the quantitative data will 
be considered. These are categorised as school, classroom, self, administrative and 
bureaucratic factors. The administrative and bureaucratic factors include the 
Headteacher, the District Education Office and the Teacher Activity Centre. The 
Headteacher has 'strong influence. The District Education Office and the Teacher 
Activity Centre have 'some influence' but only in the implementation of the 
curriculum. 13 out of 14 respondent state that they have strong support from their 
Headteachers, especially in trying to provide resources and science equipment within 
the budget specified by the Ministry of Education. However, problems include 
delays in getting the materials or resources on time and complex ordering procedures 
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resulting from government legislation. Teachers also state that sometimes the 
materials are received long after the topics have been taught. However, two 
respondents say that they have received moral support for teaching science since the 
Headteacher is one of the key science personnel for the district. They state that he 
discusses their teaching strategies and the examination format for science. This, they 
claim has helped them to implement the curriculum. We conclude therefore that 
teachers need more support in pedagogical and instructional needs as well as more 
resources and materials. 
The quantitative data indicate that the District Education Office, and the District 
Education Officers for science have some influence, and this is supported by the 
qualitative data. The District Education Officers play a major role in providing on- 
going continuous short in-services courses for primary science, but this depends on 
the Officer's own attitudes and beliefs towards science. For a majority of teachers, 
the quantitative data suggest that the District Education Office influence is restricted 
to the initial orientation courses for the introduction of the curriculum and some 
subsequent short in-service courses. However, the Teacher Activity Centre is 
reported to have had little or no influence in curriculum implementation. This is 
supported by the qualitative data: most teachers state that the main function of the 
Teacher Activity Centre is to provide a venue for courses. The Centre could play a 
major role in the implementation of the curriculum, especially in providing courses, 
if it was allowed to do so. It should be a centre where teachers meet to reflect on and 
discuss their problems, especially the instructional problems related to teaching 
science. The Teacher Activity Centre Officer could arrange for teachers to have 
regular meetings specifically for this purpose, with consultants available for specific 
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needs. This would help not only the experienced teachers but also newly qualified 
ones who could share experiences, problems and difficulties when teaching science. 
This is one way of improving teachers' science pedagogical content knowledge for 
more effective science teaching. 
The school category includes the Head of the Science Department, levels of 
provision, co-operation among teachers, and the syllabus. The quantitative data 
indicate that the Head of the Science Department has a strong influence on 
implementing the curriculum. The qualitative data shows that most of the 
respondents interviewed are heads of science who claim that they help their 
colleagues to implement the curriculum through discussion and the sharing of 
teaching resources. 
The level of resource provision has a strong influence on implementing the 
curriculum. It is claimed that this is presently insufficient in most schools (62.5%). 
This implies that a lack of resources could be a serious barrier to implementing the 
curriculum. This view is supported by the qualitative data, with a majority of 
respondent identify a lack of apparatus and materials. 
Co-operation among teachers has a strong influence on implementing the 
curriculum. A majority of the respondents state that their colleagues help by 
discussing the teaching strategies, that they find difficult. There is also co-operation 
in the preparation of materials and equipment for science lessons. A collegiality and 
collaboration among the teachers in implementing the curriculum clearly exists, but 
only during the initial implementation of the curriculum, not in the later stages. ý 
Collaboration should be an on-going process to encourage reflective teaching in 
order to improve teaching. Our teachers need to be encouraged to be more articulate 
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about the problems they face so they do not feet so isolated. By doing so, teaching 
standards will improve through shared experiences, problems and difficulties. 
Collaboration facilitates changes because it provides opportunities for teachers to 
learn both content and pedagogical knowledge from one another, encourages 
teachers to be risk takers in implementing new ideas, and supports and sustains the 
processes of individual change in science teaching (Briscoe and Peters 1997). 
The syllabus itself also has a strong influence on implementation. The syllabus or the 
curriculum guide is the teachers' main aid to the content and strategies to be used in 
the classroom. In the interviews after the observed lessons, all teachers agreed that 
they follow the syllabus closely when teaching science even though the syllabus 
strategies are merely'suggestions and teachers may use others. Teachers feel more 
secure if they use the guidelines rigidly so that they will not be blamed for not 
covering the syllabus. This relates to the examination culture, which insist that 
pupils must covered the entire syllabus in order to prepare for the exams. 
The factors included in the classroom category are: pupils in the classroom, number 
in the class, the abilities of pupils, and the attitudes of pupils. These factors are all 
found to have a strong influence on implementing the curriculum. The qualitative 
data higblight respondents' claims that the ability of pupils plays a major role in 
science learning. They stated in the interviews that the science curriculum is more 
appropriate for high-ability pupils and that this group is able to achieve the suggested 
objective of the science curriculum. They further argue that weak pupils cannot 
achieve the objectives. The implication is that this factor is a barrier to implementing 
the curriculum since there will always be a class of low-ability pupils in every year 
of study. Teachers will have to tailor their teaching strategies to suit the pupils' 
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abilities, and thus they will not use all the suggested strategies with the pupils. In the 
views of some respondents, some of the low-ability pupils do not have adequate 
reading and writing ability. This slows down the learning process, as teachers have 
to help them with reading as well as with the manipulative processes needed to carry 
out the activity. 
Large class sizes are also a factor that causes implementation problems. The classes 
of all the respondents' contain a large numbers of pupils. Teachers form six or seven 
groups with six or seven pupils per group. There are usually a maximum of six large 
working tables in the science room and most teachers use the working tables to form 
the group. Teachers can only provide one set of apparatus for a group of six or seven 
children due to insufficient materials and equipment. It was observed that only one 
or two pupils would manipulate the apparatus while the rest were observers and 
scribes. This factor is another barrier to implementing the curriculum. All pupils 
should be given a hands-on opportunity to gain practical skills. 
The quantitative data on the influence of pupils' attitudes on implementing the 
curriculum are supported by the qualitative data: respondents claim that pupils are 
too dependent on the teacher when doing activities. One teacher's response was that 
pupils in Phase I have been spoon-fed, thus when they enter year 4 (Phase II) they 
are still heavily dependent on the teacher. There needs to be a change of attitude on 
pupils' styles of learning, which must start in Phase I. 
This also implies a change of teaching style by all teachers. They have to encourage 
pupils to be more independent with the confidence to do activities on their own and 
enter discussion with appropriate guidance from the teacher. This could be 
developed through more in-service courses for teachers with a focus on lessening 
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pupils' dependence. In the observed lessons, pupils' attitudes toward science were 
very positive and showed great enthusiasm. Most pupils were eager to start the 
practical activities provided by teachers. Teachers should encourage this enthusiasm 
by providing more interesting and challenging practical activities. Pupils' positive 
attitudes do help in implementing the curriculum, and teachers' ability to sustain this 
enthusiasm should be developed. Even though pupils are the receivers of the 
curriculum, and it might be thought that their attitudes will have the greatest effect 
on successful curriculum implementation, the qualitative data indicate that this 
factor is of less importance than the lack of resources. 
Teachers generally prefer to use dedicated science rooms despite the problems of 
space. The implication is that if the science rooms were spacious and well equipped, 
this would motivate pupils to be more interested in science. As mentioned by one 
respondent, the environment of the science room invites pupils to be closer to 
science: it is a preferred alternative to the routine of general classroom organisation 
of chairs and desks where they have to sit passively listening to teachers. The 
quantitative data show that 56% of teachers use the science room because of easy 
access to resources and its physical structure even when it is too small. This is 
another area where more resources are needed. More appropriate science rooms 
would also help in curriculum implementation. 
Finally, the most critical factor influencing the curriculum is the teachers 
themselves. This includes the level of professional training, the opportunity for in- - 
service courses, and the overall standard of teaching. These factors are considered to 
have a strong or very strong influence on implementing the curriculum. The data 
show that teachers are aware of the need for further professional training, in-service 
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opportunities and time to attend the courses. They are also aware of how levels of 
competence in teaching science affect implementation. They need more support to 
upgrade their professional training, thereby increasing their levels of competence in 
science teaching. This is supported by the interview data on teachers' backgrounds in 
science. A majority of teachers state that their background is not sufficient to enable 
them to teach science effectively. They also feel that their own science knowledge 
does not help them with the teaching strategies they need because the way they 
themselves learnt science is different from the approaches required now. There is a 
critical need for more science pedagogical content knowledge. A majority of 
teachers teaching science did not do a science option during their teacher training 
even though they came from the science stream in their secondary schooling. Thus 
most have only general pedagogical knowledge. Again, there is a need for further in- 
sI ervice courses to help them with the science pedagogical content knowledge 
required for effective science teaching. 
6.5 The Influence of Teachers' Ideology on the Implementation of the Primary 
Science Curriculum 
In the context of this study, teachers' ideology includes at three domains: teachers' 
beliefs, attitudes and values. It is intended to discuss each of these and to compare 
the qualitative and quantitative data oil each domain to determine the extent of its 
influence on the implementation of the curriculum. 
6.5.1 The influence of teachers'beliefs on the implementation of theprimary 
science curriculum 
Educational researchers have long noted the importance of teachers' beliefs (See, for 
example, Pajares 1992, Nespor 1987). Munby (1984) observes that, if we are to 
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understand how a teacher might deal with an innovation, then we must first 
understand his/her beliefs or principles. He found that teachers' beliefs and 
principles are contextually significant for the implementation of innovation, be they 
curricular, instructional, or other. 
More recent research by Haney, Czemiak and Lumpe (1996) on teachers' beliefs and 
intentions regarding the implementation of science education reform in Ohio, US 
found that teachers' beliefs are significant contributors to behavioural intention. 
They conclude that a top-down, teacher-proof model for science in-service 
experiences (one that provides teachers with all the necessary resources without 
attending to teachers' belief factors) is unlikely to be successful. Laplante (1997) 
also found that teachers are informed by their beliefs on teaching science and that 
their choice of teaching strategies is mediated by their views of themselves and the 
students as knowers in science. Brickhouse et al. (cited in Laplante, 1997) found that 
in a study of two student teachers, both had different beliefs which lead to different 
instructional outcome. 
The above research reveals the importance of the study of teachers' beliefs in 
understanding the implementation of an innovation. Thus, in this study a small part 
of the questionnaire and interview tried to determine how teachers' beliefs affect the 
implementation of the primary science curriculum. The categories or the elements 
used were informed by the local curriculum needs. Three items were included in the 
questionnaire: teachers' willingness to teach science; their opinions whether science 
is too abstract for their pupils; and whether they agree with the promotion of science 
as a scparatc subjcct. 
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In the interviews, teachers' views were sought on their philosophy of science and 
how it might affect the implementation. Their views of science as a process of 
inquiry, their science backgrounds and other factors they thought might have some 
influence on the way they teach science were also sought. As the questionnaire 
showed that they hold strong positive beliefs on primary science, the qualitative 
research attempts to show how those beliefs affect the implementation of the 
cufficulum. 
The beliefs teachers hold influence their perceptions and judgements, which in turn 
affect their behaviour. Thus, an understanding of the belief structures of teachers is I 
essential in order to improve their professional preparation and teaching practice 
(Pajares 1992). Cronin-Jones (1991) found that four major categories of beliefs 
influence curriculum implementation: how students learn; a teacher's role in the 
classroom; the ability level of students in a particular age group; and the relative 
importance of content topics. These categories are addressed in this study as the 
teachers' science pedagogical content knowledge, and our findings are in agreement 
with those of Cronin-Jones (199 1). 
Teachers adhere to different philosophies in science which are very much closely 
related to their basic understanding of classroom teaching. They do not discuss their 
philosophy of science in the context of the nature of science but instead look at it 
through classroom teaching. Thus, the three patterns of thinking that emerged are: 
that science will enhance awareness of science and technology; science will help 
pupils to understand the world and themselves; and science will show pupils God's 
supremacy. However, their main thrust to implementing the curriculum is related to 
their philosophy of helping pupils to understand the world and themselves and that 
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science is important in everyday life These beliefs seem to originate from teachers' 
reading of the curriculum guide and from induction courses on the curriculum. The 
classroom observations also support the view that science is important for the pupils 
in terms of content gained through practical activities. Not many elements 
connecting or applying the concepts to everyday life were observed, in contradiction 
to the claim that science is our way of life. One respondent claim that his teaching 
would instil the values that science is related to religion and maintained that he 
would implement science with religious value in mind. However, none of the 
observations was this claim substantiated. It appears that teachers' view of the 
implementation in terms of the religious agenda is expressed implicitly and 
indirectly in order to promote pupils having faith in God, i. e. through concepts 
related to living things and the environment, Even though teachers claim that science 
is important for the future of the nation, no element in their teaching actually showed 
this importance. 
The beliefs of teachers in the idea of 'science as a process of enquiry' is another 
example of their simplistic view of the influence of ideas on the implementation of 
the curriculum. A variety of views were analysed, and for the majority this belief is 
synonymous with doing experiments (practical activity), i. e. without doing 
experiment there would not be 'science as a process of enquiry. To others, it is 
synonymous with searching, experiential learning and thinking skills. However, there 
were respondents who argued that the idea is not applicable for all pupils. The 
mainstream thinking that the idea is the same as doing experiments results in the 
emphasis of teachers on an activity-based approach to science lessons. All the 
teachers observed prepared an activity-based lesson for science, but this was not 
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congruent with the intention of an 'inquiry process'. Instead, it was a traditional 
school science approach to the rediscovery of accepted concepts. 
Concerning teachers' beliefs about how their science background helped them teach 
science, 50 % claimed it did help and 50% that it did not. The teachers who do not 
feel that their science background helps them teach science are mostly concerned 
with the pedagogy of science. The classroom observation shows that teachers have 
limited science content knowledge, even though 50% claim enough science 
background knowledge to teach the subject. What they mean is that they can transfer 
their own secondary school knowledge to their pupils at the primary level. Teachers 
need to be aware that the science content knowledge they have cannot be translated 
directly but must be modified through pedagogy in order to be more appropriate for 
their primary pupils. 
The beliefs teachers have about what influences the way they teach science are 
mostly related to the pupils' characteristics: ability, prior knowledge and attitudes. 
This belief is similar to the barriers teachers feel hinder the implementation of the 
curriculum. Cronin-Jones (1991) also claims that implementation of a curriculum is 
influenced by the level of ability of pupils. Those teaching a low-ability class will 
not implement the curriculum as intended but will be influenced and controlled by 
the pupils' ability. As observedý one respondent taught a lesson without an 
introduction, but instead read out the steps pupils needed to carry out the activity 
from a workbook. Most of the time during this lesson the teacher was helping with 
the manipulative skills, only discussing the concept at the end of the lesson. This 
evidence shows that the objective of the primary science curriculum of having pupils 
solve problems and make decisions will not be achieved if teachers continuously use 
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such directed-teaching strategies. Surely, if low-ability pupils are taught to learn in a 
constructive way, they will also be able contribute to their own learning. The labels 
teachers give to their pupils also influenced their strategies, which are based on the 
assumption that low-ability pupils are not able to work things out for themselves. 
Teachers must think differently and try to plan alternative strategies for low ability 
pupils, which suit their level but allow them to learn constructively (see, for 
example, Bianchini 1999). This means giving pupils more opportunities to express 
their thoughts and verbalise their meanings during the lesson. The overall view of 
teachers' beliefs in primary science teaching is similar to the argument of 
Brickhouse and Bodner (1992): V- 
'Teachers construct knowledge about science, their students and the science classroom that 
fits their experiences and meets the goal they setfor themselves and their students' (p. 482) 
Teachers believe that in-service courses do influence the way they teach. Thus it is 
critical that such courses should be prepared or programmed in order to'help 
teachers understand the curriculum, and also the goals of the curriculum, in detail so 
that it can be translated to the classroom. As discussed earlier, the in-service courses 
are of short duration and their effectiveness in helping teachers implementing the 
curriculum must be questioned. The data show that the understanding teachers have 
of the curriculum, from the courses and presentation in the classroom, is not 
consistent with the curriculum objectives. 
Finally, teachers state that their colleagues influence them in implementing the 
curriculum. Fullan (1991) argues that: 
'Significant educational change consists of changes in beliefs, leaching styles and 
materials, which can only come about only through a process ofpersonal 
development in a social context' (p. 132) 
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In the context of Malaysian primary teachers, personal development in the social 
context only happened during the initial innovation. The reason was that during this 
initial implementation teachers had vague ideas about the curriculum, and there were 
problems of not having enough materials to help them understand how to teach 
science as well as a lack of equipment and apparatus. This encouraged them to 
discuss and share ideas on how to teach science. It is claimed that this was only done 
during the initial implementation and not subsequently. These initial discussions still 
influence their teaching. This is critical since teachers rarely change their approach 
even though there might be mistakes in understanding the curriculum initially. They 
feel that they are familiar with the curriculum and have no need for further 
discussion. The words chosen by teachers in explaining the support from colleagues 
suggest there is only a superficial collaboration. Little (cited in Fullan, 1992), 
considers these to be weak ties that are likely to be inconsequential. As mentioned 
earlier, teachers need to be reflective about their teaching, and this can be done 
through teachers' collegiality and collaboration in their respective schools. 
Moreover, it should be a continuous process as part of their professional self- 
development. Fullan (1991) further argues that: 
17here is no getting around the primacy oftersonal contact. Teachers need to 
particýpate in skill-training workshops, but they also need to have one-to one and 
group opportunities to receive and give help and more simply to converse about the 
meaning of change. Under these conditions teachers learn how to use innovation as 
well as tojudge its desirability on more information-basedgrounds, ý they are in 
better position to know whether they should accept, modf& or reject the change' 
(p. 132) 
Malaysian teachers' lack of personal contact deprives them of conversation about the 
curriculwn innovations they face. 
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6.5.2 Teachers' allltudes to-ward the Implementation of theprimary science 
curriculum 
The analysis of teachers' attitudes through the quantitative data again showed that 
the majority of Malaysian primary teachers teaching science hold very positive 
attitudes towards the subject. For example, they state that they like teaching science, 
are confident in teaching science, and are not asked to teach science against their 
wishes. However they admitted that they still had to learn a lot of science and they 
had to get to grips with science teaching. Contra-statements included those 
concerning the assessment needs. A majority of teachers agree or strongly agree that 
it is difficult to satisfy the curriculum requirements. Even with positive attitudes 
towards either the science curriculum or to science teaching, this does not 
necessarily mean the curriculum is implemented or realised in the classroom as 
intended by the developers. Claiming that they are confident when teaching science 
contradicts their admission of having to learn a lot of science and the need to get to 
grips with science teaching. It may be that as trained teachers, it is unlikely that they 
would admit that they are not confident in teaching science, or any other subject for 
that matter. 
The qualitative data provide a deeper understanding of teachers' attitudes towards 
the primary science curriculum and the teaching of science. As with the 
questionnaire, teachers interviewed also hold strong positive attitudes towards the 
curriculum. In this context the reform seems to be accepted and appreciated by the 
majority of teachers. The old curriculum, MAE, was not favoured since several 
subjects were combined, making it difficult to teach, as discussed in Chapter 1. 
Teachers' positive attitudes towards the curriculum are based on their understanding 
of the reform recommendations concerning pupils' acquisition of scientific 
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knowledge. Their responses are also influenced by their preference for activity-based 
approaches, which they believe extend pupils' interest in the subject. They also 
believe that the practical activity will ftirther pupils' progress in the development of 
science process skills, including the thinking skills (as stated in the curriculum 
guide). This will eventually develop pupils' intellectual capability. For these 
teachers, science is the most appropriate subject to achieve this capability. The 
response that one teacher gave, that science enables pupils to make decisions, draw 
conclusion and generate ideas, was a sweeping statement since these elements were 
not shown in any of the observations. To some extent the responses given show a 
discrepancy with the classroom observations. In this context, it seems that teachers 
verbally repeated the reform recommendations but have not internalised them and 
I 
are not able to implement the intentions of the designed curriculum. Harlen and Jelly 
(1997) suggest that for children to learn science with understanding, teachers must 
understand that children learn science by making their own sense of their 
experiences, linking new experiences to existing ideas and past experience, and 
changing ideas to fit the evidence (p. 27). They further suggest that children's 
learning experiences to gain understanding should be conducted by actively seeking 
evidence through their senses, checking ideas against this evidence, and taking 
account of others' ideas to seek more effective ways of testing. They also suggest 
that the role of the teacher is to find out children's existing ideas and help children to 
test predictions based on them; to help children devise and reflect upon ways of 
testing predictions fairly and to promote interaction with materials and others' ideas. 
The role of the children is to become involved in raising questions, discussing ideas 
and making predictions and proposing ways of testing them. In Malaysia these 
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suggestions would enable teachers to understand how science teaching can support 
pupils' development in terms of generating ideas, making decisions and drawing 
conclusions. The elements suggested by Harlen and Jelly (1997) were not 
encountered in any of the classrooms during the observations. Teachers must provide 
opportunities for pupils to discuss their ideas, and to 
-help 
them clarify the meaning 
of words used, modify ideas through sharing, and also link ideas from context to 
another. 
Generally, teachers state that the introduction of the new curriculum was long 
overdue. They recognised a need for a separate curriculum instead of the MAE, so 
there is no reason to worry that teachers will not implement the new curriculum. The 
fundamental question is whether the curriculum is realised in the classroom. The 
centralised education system with the embedded culture of following instructions 
and legislation does not develop teachers who evaluate their own performance, 
question, discuss or debate the legislation presented to them. There should be 
opportunities for this during the introductory stages of the innovation, long before it 
is implemented, so that teacbers can gain confidence in the curriculum and 
implement it as intended. 
Although, there are negative views on the implementation of the new curriculum 
(discussed in Chapter 5) there are fewer negative attitudes towards this curriculum 
itself One respondent was concerned about pupils' lack of prior knowledge due to lack 
of facilities and the environment. The curriculum developers do not have first-hand 
experience of schools in deprived areas or of rural schools. The needs of pupils from 
such environments have been overlooked. As one respondent mentioned, rural school 
pupils lack prior knowledge (due to their background of poverty), and facilities such as 
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science reference books and other support for children's learning are not available due 
to parents' low academic ability and poverty. This was evident in the observation of the 
rural schools. For example, one respondent state that the school is an area surrounded 
by rice fields and children really love to watch the machines harvesting the rice since 
they have no other experiences of modem science and technology at home. Another 
respondent claimed that the standard of the primary science curriculum is too high and 
is also taught in the secondary school, and so she wanted the scope to be reduced. An 
analysis of the secondary science curriculum (Ministry of Education 1988) shows that 
the syllabus is an extension of its primary counterpart. The primary science syllabus 
has five fields of investigation (for a tr4mlation of the syllabus, see Appendix 11) 
a) investigating the living world 
b) investigating the physical world 
C) investigating the material world 
d) investigating earth and the universe 
e) investigating technological world 
Whereas in the secondary school, the syllabus is designed to include four main 
themes: 
A. Man and the variety of living things around us 
B. Earth's rich resources and its management 
C. Energy for our life 
D. Man and equilibrium in the universe 
it can be seen from these two syllabuses that the field 'investigating the living world' 
(a) is the introduction to the theme 'man and the variety of living things around us' 
(A). At the secondary level this theme is approached in more detail, including a 
variety of living things, human senses, co-ordination in the human body, 
reproduction and growth, human variation and micro-organisms and their effects on 
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humans. The primary syllabus of the living world only contains a basic knowledge of 
plants and animals, their attributes and characteristics, the survival of species and the 
interaction of living things. The arguments of the respondent about the syllabus 
reflect her ignorance of the depth of the secondary school science curriculum. There 
are different levels within the same field/theme for the primary and secondary levels. 
The understanding of the objectives and goals of science teaching at the primary 
level must be clarified for the primary teachers. 
The problem is not the syllabus but understanding it and its pedagogical 
implications. Comparing the primary and secondary syllabuses, it can be seen that 
the primary level is compatible with pupils' cognitive growth, and saying that it 
should be reduced reflects teachers' pedagogical knowledge of science and science 
teaching. The short in-service courses cannot provide for teacher development in this 
area. For a curriculum innovation to be successfully implemented, teachers need to 
change their attitudes and beliefs in accordance with the innovation. 
Teachers can collectively influence the curriculum. One respondent stated that 
science should be introduced earlier in Year I as science across the curriculum, and 
should include all teachers. Prior to the introduction of The National Curriculum of 
England and Wales (cited in Ernmerson and Goddard 1989) The National 
Curriculum 5-16: A Consultation Document states: 
...... there are a number of subjects or themes such as health education and use of 
information JechnoloSy, which can he taught through other subjects..... 11 is 
proposed that such subjects or themes should be taught through thefoundation 
subjects, so that they can accommodate within the curriculum but without crowding 
out the ewntial subjects. ' (p. 20) 
This was an attempt to include cross-curricular themes in the National Curriculum. 
Bentley (1993) discusses the example of cross-curricular elements of science in 
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other subjects such as envirorunental education and health education. Bentley (1993) 
shows that health education is linked to attitudes, self-esteem, skills and knowledge, 
and provides a context for teaching science in which scientific knowledge can be 
used to make decisions which will be crucial to children at various points in their 
lives. He further suggests that contextualising scientific concepts within a health 
example, is essential if children are to have the opportunity to practice decision- 
making. Therefore, in England the problem of cross-curricular themes is addressed 
by the programmes of study for each Key Stage which make connections between 
science and other subjects. For example (cited in Bentley, 1993) in environmental 
education 
Key stage 
...... (pupils) should be given the opportunity to study how science is applied in a 
variety of contexts.... Yhey should consider the advantages and drawbacks of 
applOng scientific and technological ideas to themselves, industry, the environment 
and the community. Yhey should begin to make personal decisions andjudgements 
based upon their scientific knowledge of issues concerning personal health and well 
being, safety and care of the environment! 
This implies that the cross-curricular theme will help pupils not only to understand 
science but also to use scientific knowledge in other aspects of their lives. As stated 
in the module developed by the CDC (1993 a), on the strategy of integrating science 
elements in the teaching and learning of the Malay language, Chinese, Tamil and 
Mathematics in Phase L 
'The teaching and learningprocess of Languages anduathemaacs would be more 
interesting when science elements are integrated Als is due to the objects and the 
phenomena that are happening in the pupils'surrounding, Pupils are ahpqs 
stimulated by the objects andphenomena. 7herefore learning about these, -would at 
leastfulflIpupils'curiosity' (p. 2) 
However, in the interviews, it was found that not all respondents were aware of such 
integration of science elements during Phase I in languages and mathematics as 
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suggested by the CDC. The problems of integrating science elements in Phase I are 
not being monitored and are generally ignored by Phase I teachers. It is the role of 
the District Education Officer to implement this integration because collectively 
teachers are able to influence the curriculum. If Phase I teachers take science 
elements into consideration in their teaching of other subjects, this would help the 
Phase H teachers to take forward conceptual development in science. This is another 
example of how teachers' collegiality and collaboration within the schools can 
influence the curriculum. 
Another concern of teachers is pupils' difficulty in developing science concepts. One 
teacher claimed that pupils do not understand the concepts, without reflecting on 
how this understanding might be achieved. It was observed that pupils are asked to 
answer prepared questions and if the answers are correct, it is assumed that they 
understand the concept. However, some teachers dictated the answer to the pupils 
and at other times pupils copied the answer from their friends. Then, during 
discussion the teacher asked the questions again and asked specific pupils and 
assumed that one pupil's correct answer indicated general understanding. 
Understanding children's conceptual development is important for teachers if they 
believe that this criterion is their most important priority in science education. As 
Willig (1990) states: 
'Essentially, knowing the level of children'spresent abilities helps to determine the 
shape offuture learning experiences. More specifically, a knowledge of conceptual 
development underpins the techniques of matching leaching material to the ability 
of the learner, disturbing the learner's existing Ideas, learning by telling, learning 
ftom observation and thinking about thinking. ' (p. 13) 
As mentioned earlier, the strategies and teaching materials used in the lessons did 
not always match the learners' need and this might explain that pupils do not always 
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understand the concepts being taught. It was observed that teachers do not take 
account of individual differences. Harlen (cited in Willig, 1990) defined the concept 
of matching as: 
finding out what children can already do and what ideas they have, as a basisfor 
providing experiences which will develop these skills and concepts. Me keynote of 
matching is thusfinding the right challengefor a chik4 the size of step that he can 
take by using hut also extending existing idea. ' (p. 184) 
This provides an insight into the importance of the concepts that children have 
acquired informally, and which need to be taken into account by teachers. As has 
been discussed in Chapter 5, the teachers, generally, do not use children's prior 
knowledge when providing experiences, but instead have a pre-structured experience 
for pupils to carry out in the lesson. Such planning matches teachers' lesson 
objectives but does not consider matching the material to the learners. What the 
teachers did resembled traditional school science, which all too often led from a 
contrived context to a predetermined solution., 
Shayer and Adey's (1986) work on the proportion of children at different Piagetians 
stages in a representative sample of the British child population at the age of 10 years 
shows that 35% are at or above the stage of late concrete operations, 40% at the age 
of II and 55% at 12 years. However, in the Malaysian context, the children only start 
formal science learning in our primary schools at the age of 10, entering secondary 
school at 13. Therefore, their cognitive development may'or may not be the same as 
in Shayer and Adey's population. However, the research shows that in formulating a 
curriculum, developers must take account of the cognitive development of children. 
In Malaysia the cognitive development of pupils has been considered, and the 
children at this age (10-12 years) must be between the early concrete stage and the 
late concrete stage. Teachers must also bear this in mind when planning for science. 
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The mismatch observed in the lessons is not between the curriculum and the pupils, 
but it is between teachers' strategies and the abilities of the learners. This implies that 
teachers' science pedagogical knowledge needs to be enhanced. As Willig (1990) 
states 
.... ...... we turn to strategies 
designed to extend chil&en's thinking in various ways. 
by provoking a cognitive conj7ict; by structuring meaningful reception learning; by 
encouraging observation, by promoting setf-monitoring and control of one's own 
cognitive processes-all of which are based on the principle of matching the learner's 
level of ability to the new material'(p. 23) 
Shayer and Adey's (19 86) work showed that there has been a mismatch between the 
cognitive development level of secondary school pupils in science and the science 
curricula. They highlight teachers' cultural emphasis on 'labelling' pupils and state 
that this leads teachers to take actions which are self-fulfilling (p. 140). This implies 
that teachers assume pupils within a group have the same cognitive level and teach 
pupils accordingly. As Shayer and Adey (1986) observes: 
'Our view is that by understanding the difficulties of different learners, and taking 
that understanding into your thinking about lesson planning you not only show 
respectfor them as persons, but also very much increase the rate at which they are 
able to learn and the breadth of knowledge and skills that they can achieve. (p. 140) 
This is the aim towards which Malaysian teachers should strive, with appropriate 
help and support through in-service training. 
Nevertheless, both the qualitative and quantitative data show that a majority of 
teachers like teaching science despite the weaknesses mentioned. This was also the 
case in England. Wrag et al. (19 89), in their survey examining teachers' attitudes 
towards the National Curriculum, found that only 33% of the teachers questioned 
felt competent about their ability to teach science. Widespread anxiety was reported 
among the remainder about their lack of knowledge in basic science. The findings 
of Kruger, Summers and Palacio (1990) support the views that teachers actually have 
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positive attitudes towards science teaching. They found that teachers recognise the 
inconsistencies and inadequacies in their understanding but they exhibit an interest 
and motivation in improving their performance in developing better knowledge and 
understanding of the concepts. Carre and Carter (1990) found in their study that 
while many teachers rate themselves competent in helping children achieve 
statements of attainment and science process skills, a disturbingly large number 
indicate they need a good deal of in-service support (p. 339). OFSTED, during the 
academic year 1993-94 found tbat: 
18. Ae quality of science teaching in Key Stage 2 was slightly less satisfactory 
overall than in Key Stage 1. Sixty nine percent of the lessons were judged of least 
satisfactory and 2 7% good or very good 
ig. Preparation is mostly good and teachers employ a suitable range of methods; 
including demonstration, clear exposition as well as practical work of various 
1>pes. Investigative activities (Scl) are, however, often less well linked with the 
development of knowledge and understanding than In Key Stage I and 
opportunitiesfor pupil investigation arejewer. Over-direction is a weakness of 
many of the poorer lessons. In the upper years of the key stage, shortcomings in 
teachers'understanding of science are evident in the incorrect use of terminoloV 
and an overemphasis on the acquisition of knowledge at the expense of conceptual 
development. Pupils are at widely different stages in their development by the end 
of the Key stage. Planning at both clays and whole school level does not take 
sufficient account of this. (p. 10) 
Even though Kruger et al. (ibid. ) demonstrated the importance of the INSET, which 
was increased, the findings by OFSTED implies that even more INSET needs to be 
provided. This is confirmed by the OFSTED report of 1992-93 that the INSET for 
Key Stage 2 was inadequate: 
62. Training opportunitiesfor the Key Slage 2 teachers have beenfewer than those 
provided when the Key Stage I was introduced 7his, combined with limited time 
for discussion within the schools, has contributed to a relative lack of expertise and 
knowledge of the National Curriculum shown by the teachers in Key Stage 2, 
compared with those in Key Stage 1. (p. 24) 
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The lack of in-service training seems to be the most fundamental problem in both 
England and Malaysia, and more help must be given to teachers so that effective 
implementation will occur. 
Gabel and Rubba (1979) found that one method of changing primary teachers' 
attitude toward science teaching is through participation in workshops on new 
science curricula, that attitudes are developed over a long period of time, and that 
persistent changes cannot be made through short-term programmes. This implies that 
short in-service courses, as have been provided in Malaysia, are not adequate to 
support attitude changes. 
6.5.3 Teachers' values In ! nWIementing the primary science curriculum 
In this study, teachers' values are looked at in the context of teachers' opinions on 
children learning science through practical activities and on whether science helps 
meet individual needs. Data were gathered from the questionnaire responses. A 
detailed understanding of teachers' values towards science teaching was investigated 
further through the qualitative data. Teachers were asked their opinions on how they 
would view a good science lesson, the most important pupil outcomes in science, 
and the best ways of educating pupils through science. 
The quantitative data on the two statements to elicit teachers' values in relation to 
the primary science curriculum (children learning science through practical activities 
and science helping in meeting individual needs) showed some contradictions. A 
rnajority of teachers believe that children learn science through practical activities, 
but ironically they also agree that science does not helP meet individual needs. This 
contradiction bigblights the vagueness in realising the curriculum at classroom level. 
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The qualitative data give a more detailed meaning to the values teachers hold in 
implementing the primary science curriculum. Again, a majority thinks that a 
practical (experimenting) approach is the best way to teach science, including the 
science process skills listed in the curriculum guide. The qualitative data also show 
that, in terms of classroom organisation, teachers believe in organising the class as a 
mixed ability group. This opinion is related to their view of the value of practical 
activity for children learning science. Nfixed-ability grouping for practical activity is 
supported by research done on grouping children for effective learning. Howe (1990) 
found that children's progress is more advanced when they are put in a group where 
the level of understanding varies. . 
Another value concerns feedback from the pupils in science lessons. Teachers agree 
that a question-answer session at the end of the lesson, written exercises and tests are 
the best ways to evaluate teaching outcomes, with only a minority mentioning 
feedback during an activity while learning is in pr6gress. However, no teacher 
mentioned that assessment would be used to inform planning. The methods teachers 
use to get feedback on pupils understanding is very much similar to the exam format 
that tests pupils' knowledge on science content. The classroom observation show 
that the worksheet teachers gave contains questions on process skills, and also 
questions testing content knowledge. The questions-answers sessions at the end of 
the lessons are very much content-oriented. According to Ritchie (1997), planning 
for science in the classroom should be informed by teachers' identification of 
children's learning needs, and the children's needs need to be identified through 
previous assessments of earlier work., As Foden (1993) states: 
'It is equally important to ensure that assessment is not a bolt-on addition at the 
end of a period time or learningpackage. It needs to be planned into children's 
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experiences and be an inlegralport of what we leach, as teachers, do each day with 
chjl&en. '(p. 153) 
Teachers need training in using assessment as an integral part in their teaching. The 
evidence should be gathered through what pupils do, produce and say, and teachers 
must listen actively to pupils and must ask focused questions (Ritchie 1997). It 
seems that Malaysian teachers do not use assessment evidence because the planning 
of the lesson is very much influenced by the curriculum guide, and they plan for a 
whole year and seem unable to adapt their plans and learning outcomes according to 
ongoing assessment evidence. Teachers must have lesson objectives, which include 
getting information from pupils in order to plan their next lesson. In general, the 
analysis of the teachers" values relating to the science curriculum shows that they 
mostly try to conform to the curriculum guide. A majority of teachers try to achieve 
the objectives of gaining science concepts and facts as a high priority due to 
examination constraints. 'I'liere is no science across the curriculum in Phase 1. This 
gap needs to taken seriously in order to improve pupils' science understanding and 
learning at an earlier stage. In the National Curriculum for England and Wales, for 
example, science has been incorporated in the curriculum as early as Key Stage 1, 
where the pupils' ages range from 5-7, whereas in the Malaysian curriculum science 
is only taught formally to 10 tol 2 year-old pupils. 
Conclusion 
The above discussions on teachers' understanding of the curriculum and its 
implementation reveal that teachers. mostly need help and support in implementing 
the curriculum. In this context, the discussion has revealed that this group of teachers 
(interviewed and observed) who worked in schools in the rural areas face many 
problems in trying to implement the curriculum. The current in-service education 
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and training in Malaysia has proved to be inadequate in supporting teachers" 
professional development in science education. Therefore the design of the INSET 
need to be carefully planned in order for the activities provided to have a maximum 
effect. 
Harland and Kinder (1997) studies on a programme of staff development concerned 
with science in primary school has revealed nine outcomes; material and 
provisionary outcomes, informational outcomes, new awareness, value congruence 
outcomes, affective outcomes, motivational and attitudinal outcomes, knowledge 
and skills, institutional outcomes and impact on practice. They developed a tentative 
sequence or hierarchy of the outcomes. 1" order - value congruence and knowledge 
an d skills. 2d order'- motivation, affective and institutional. P order - provisionary, 
information and new awareness. In their tentative conclusion, they maintain that in 
order to maximise the chances of in-service education and training leading to a 
change in classroom practice, all the nine 'outcomes' (prioritised in the order 
suggested) need to be present as pre-existing conditions or be achieved by the INSET 
activities. 
This implies that in the Malaysian context, the in-service training provided for the 
teachers need to consider and give more focus on the 1" and 2: nd order outcomes to 
give more impact on practice or changes in practice. The present method of in- 
service suggests that only the 3rd order of outcomes'is being focused. Harland and 
Kinder (1997) found that the evidence of the evaluation of continuous professional 
development which focus on 3d order outcomes are least likely to impact on practice 
unless other higher order outcomes are also achieved or already exist. 
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In the Malaysian context the in-service outcomes that teachers gain are mainly the 
informational and new awareness outcome. The informational outcome is mainly 
gained by being briefed of background facts and news about the curriculum and it's 
implication for practice. This is reflected in the teachers' responses on their beliefs 
in primary science education- The teachers' responses showed that they conformed 
to the information given about the new curriculum. Thus they belief that science is 
important for children for future life and that they claim they implement the 
curriculum with this awareness. The new awareness outcome is gained when 
teachers shift their previous perceptual or conceptual assumptions of which 
constitutes the appropriate content and delivery of the primary science curriculum. 
The evident from the interviews clearly show that the teachers' claim that they are 
most helped with the new teaching strategies which include the science process 
skills. They also maintained that science as a process of inquiry is good and 
applicable in science teaching. Similarly their responses on what constitute a good 
science lesson, they maintained that an inquiry approach as the best approach in 
science teaching. However, the classroom observations showed that this did not 
materialise in the classroorp. This indicate that even though these teachers asserts 
that they have changed awareness but there is no guarantee of changed practice as 
the classroom observation showed. 
Peacock (1998) argues that for teachers to evaluate their professional development is 
through competence criteria and that when teachers are given the responsibility to 
develop this criteria they generate trust and confidence and this leads to supportive 
critical analysis on the teachers part. Peacock (ibid. ) ftuther argues that professional 
development programme need to be phased and explicitly matched to the varying 
288 
levels of development of participants. The discussions in sections 6.3.1,6.3.2 and 
6.3.3 show that teachers do not have specific criteria to evaluate their competence 
and performance in implementing the curriculum. Their evaluation of their 
performance is only reflected in their responses on the difficulties they face in 
implementing the curriculum, which is mostly caused by their pupils' ability, 
attitude and background. Peacock (ibid. ) maintain that teachers have to be permitted 
to generate and therefore own those competencies which are relevant to their 
distinctive cultural/pedagogical context and this will give teachers the opportunity to 
participate in the stages which are necessary for their professional development. 
The interview data indicate that teachers do not evaluate their lessons according to 
their competence but only through their pupil's performance and difficulties caused 
by their pupils and resources. Peacock's (1998) mentioned that one of the outcome 
of the teacher development process is that: 
'Teachers also become aware in practice of the need to establish levels of achievement in 
any given skill area in order to evaluate progress and set targets (71ation & Smith 1995). It 
was apparent that professional development programmes need to be phased and explicitly 
matched to the vaiying levels of development ofparticipants'. (pg. 155) 
Therefore in the context of the in-service provider for the Malaysian primary science 
teachers need to consider a program which will give more emphasis for the process 
of teachers development to become effective evaluators of their own teaching 
competence in science. It is hope that with the professional skills indicator they 
developed themselves, they will be able to evaluate their lessons. However, as 
suggested by Peacock (ibid. ) the program need to be phased as it takes time and 
relies on the development of teachers' confidence. 
Similarly, Harvey (1999) proposes that the instructional goals in INSET should vary 
according to the existing 'stage of development' of teachers. The experience he has 
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with the INSET of the Primary Science Programme in South Africa has shown that 
more attention need to be given to develop models of teachers' professional learning 
which must be appropriate to each stage of development. 
Therefore, this suggests that the in-service for the Malaysian primary science 
teachers need to be designed in such a way that it will focus on teachers need. 
Teachers need time and support to discuss the science pedagogical content 
knowledge which the findings has shown that these teachers lack. As the above 
authors have proposed, the models of the in-service programme need to be phased. 
Teachers need time to progress from one phase to the next. Harvey (1999) states: 
'In the light of these stage-specific goals, part of the challenge of designing INSET rest in 
developing the capacity to diagnose teachers ' stage of development, and adapt the INSE, T 
curriculum appropriately' (pg. 608) 
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Chapter 7 CONCLUSION AND RECOMMENDATIONS 
7.1 Introduction 
This study was undertaken with a view to understanding teachers' perceptions of the 
Malaysian primary science curriculum and, especially, to considering how teachers' 
pedagogical content knowledge helps or hinder them to implement the curriculum. 
Therefore, the main reason for the study was not so much to determine the success or 
failure of the curriculum implementation but rather to look into the problems 
teachers have at classroom level in implementing the curriculum. Previous research 
done in Malaysia on other curriculum innovations and implementations by Sid Hawa 
(1986), Azizah (1987), NoorAzmi (1988), Zainal (1989), Sharifah Maimunah (1990) 
has revealed major problem and. a lack of in-service courses to help teachers. This 
study was undertaken, in the main, to determine teachers' own opinions and views 
on the implementation of the primary science curriculum. A combination 
methodology was applied to get a wider picture of the implementation at classroom 
level. The quantitative research aimed to give a broad view of the implementation, 
and the qualitative research sought to provide a closer examination of the 
implementation through a case study of 14 teachers' perceptions of the 
implementation at classroom level. This chapter will reiterate the conclusions 
derived from the findings. There is no attempt to generalise the findings nation-wide, 
since that would need a more elaborate study. The main aim is to draw attention to 
teachers' science pedagogical content knowledge and ideology as they implement 
the curriculum. It is also essentia to draw attention to some of the difficulties 
encountered. Some observations and issues arising from the study will be discussed. 
Finally, implications will be drawn in order that recommendations for the future 
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teacher education programme and teacher development programme can be made for 
more effective science teaching for primary school children. 
7.2 Teachers' Perceptions of the Primary Science Curriculum 
The previous chapter discussed the findings of the teachers' curricular expertise in 
the context of the implementation of the Malaysian primary science curriculum. The 
findings can be summarised as follows. Teachers find the important objectives of 
primary science education difficult to implement. On closer examination, an 
understanding of the objectives requires teachers to use their science pedagogical 
knowledge. As most of the respondents to both the qualitative and quantitative 
surveys have no or only limited science backgrounds, a general lack of science 
pedagogical content knowledge was observed to hinder them from implementing the 
curriculum as intended. This suggests that when a new programme is introduced, 
teachers need an in-depth understanding of the rationale of the new curriculum and 
what is expected of them in translating the curriculum with practice. Before teachers 
can implement the curriculum, the key objectives need to be scrutinised by teachers 
in order to understand the whole curriculum. The findings highlight teachers' 
inability to implement those important objectives of the curriculum related to 
teachers' science pedagogical content knowledge. 
There are several factors that contribute to teachers' lack of science pedagogical 
content knowledge. First, the teaching approach used in science classes shows a 
discrepancy between teachers' aspirations for their classroom practice and the 
observed patterns of classroom interaction, and this affects the implementation of 
the curriculum as intended by the developers. Secondly, the investigation of 
teachers' views on pupils' science learning shows that teachers' desired outcomes 
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for pupils are very much influenced by the exam culture in Malaysia, thus depriving 
pupils of other important outcomes of science learning. Thirdly, the roles teachers 
adopt in their classroom teaching also show a discrepancy from the intended roles. 
Teachers' science pedagogical content knowledge, at present, is not sufficient to 
help them implement the curriculum as intended. Fourthly, the barriers that teachers 
face in implementing the curriculum are mostly due to lack of resources, pupils' 
backgrounds and characteristics, and class sizes. Finally, in researching teachers' 
ideology, which includes their attitudes, beliefs and values, the overall picture from 
the data was one in which many teachers rate themselves as competent in teaching 
science. They have positive opinions on, and interests in, teaching science, but a 
disturbingly large number indicate that they need support from the in-service 
programmes. This ideology also influences the implementation of the curriculum. 
Teacher development requires a programme that will change teachers' ideology in 
relation to science teaching and learning, especially their beliefs. 
7.3 Issues and Observations arising from the Study 
Many issues emerge from the study. Even though it was taught for eleven years as a 
component of MAE, Primary Science has, until now, not been a main subject in the 
primary curriculum; its inclusion has generally been welcomed by teachers. 
However, when the implementation was announced in December 1994, teachers and 
schools were not ready physically or pedagogically. Science education throughout 
the world has undergone tremendous changes over the past 20 years, and many 
countries are now moving towards a constructivist approach. Unfortunately, most 
teachers in Malaysian primary schools are products of a more traditional science 
293 
background, where the transmission of knowledge conditions teachers' beliefs and 
perceptions of the nature of the subject. 
The new Malaysian primary science curriculum is based on a constructivist 
approach. However, as the study shows, teachers do not have a clear understanding 
and knowledge of the pedagogy, which needs to be understood by teachers 
experiencing it themselves, as suggested by Watts (199 8), Appleton and Asoko 
(1996) and Stoffiett (1994). Therefore, even though there is a world-wide change in 
approach to school science learning based on constructivism, the Malaysian primary 
science teachers need further progressive training in the constructivist approach as a 
new reform in the science pedagogy. This should be more than just 'lip service' if 
we care for effective science teaching by our teachers. When teachers do not have a 
clear understanding of an approach, most of them do not use it in class, or, if they 
do, it is with uncertainty and is modified according to their understanding and 
experience. 
A further confusion exists because the teacher training colleges are producing newly 
qualified teachers with a constructivist science pedagogy, but when they are placed 
in more 'traditional' schools, they experience a tension between old and new 
teaching methods. The assessment of student teachers during their teaching 
practices, at present, is 70% by school mentors, and only 30% by college lecturers 
(Ratnavadivel 1999). This raises significant issues concerning the validity of the 
mentors' assessment, as this study has revealed teachers' lack of understanding 
towards the constructivist approach. Even though the colleges train teachers in 
mentoring skills, they are generic rather than subject-specific skills for science 
pedagogical knowledge. The implication here is that the practising teachers will 
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advise the trainees towards traditional science teaching as they themselves practice 
it, and this will influence the trainees to move towards the conventional style of 
teaching, i. e. the transmission of knowledge approach. Teachers are not ready to use 
the constructivist approach per se even though the CDC produced a module (Module 
12) on this in 1996. The dissemination of the module does not appear to have been 
effective. 
KBSR science also emphasises science process skills. In the Malaysian context, 
using the science process skills (as stated in Module 3 by CDC 1994c) enhances the 
thinking skills. Thus, teachers attach great importance to thinking and science 
process skills. Teachers also maintain that science content is important. This implies 
that teachers generally understand the balance between process and content in 
children Is science leaming. This seems to support Swatton's (cited in Warwick and 
Linfield, 2000) argument that teachers generally adopt an 'holistic, view, with a 
strong organic relationship between process and content in children's leaming. This 
means that both content and process skills require teachers' careful attention and 
knowledge to integrate them during teaching so that development in both aspects is 
gained by children. As Harldn (1998) points out: 
'However, science process skills cannot he used and developed unless children are working 
on iWopriate content, that is, content that is relevant, amenable to scientyx investigation 
and within their grasp to understand at a meaningful level, Conversely, using and developing 
process skills -thinking skills as well as 'doing'skills - enables children with 
understanding. True conceptual development cannot take place if children are not engaged 
in doing their own thinking'(p. 28) 
It is evident that the Malaysian primary science teachers appreciate the interaction of 
processes and concepts in children"s learning science. However, as the study shows, 
teachers lack science pedagogical knowledge, and therefore they face problems in 
developing this two-way interdependence to determine the achievement in pupils 
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understanding of the world around them and the scientific method to support that 
understan ing. 
Another key issue is the lack of resources for science teaching in terms of materials 
and apparatus or equipment. Monk and Dillon (1993) reported that common 
problems in teaching science by teachers in developing countries are commonly due 
to lack of equipment, overcrowded syllabuses, out-of-date textbooks and 
examinations that concentrate almost exclusively on recall. Malaysia is not 
exceptional in the matter of lack of resources. As the concept of science learning 
through pupils' active participation in activities gains strength, the need for materials 
and apparatus becomes acute. Without the opportunity for students to do their own 
investigating, their experiences are restricted (Driver 1983). Teachers' understanding 
of the importance of activity-based learning with practical activities or investigation 
in science teaming has resulted in them planning most lessons with this in mind, 
despite the lack of apparatus and large classes. This obviously does not help pupils, 
construction of meaning and understand science when only a few pupils are able to 
handle apparatus and be engaged in practical work. 
It could be argued that the innovations in the primary science curriculum have been 
interpreted in an oversimplified way. The teachers have not demonstrated an in- 
depth understanding of the curriculum, caused mainly by the lack of science 
pedagogical content knowledge and their own ideologies. Teachers need more 
clarification of what the curriculum guide actually means. For example the actual 
meaning of the "guided inquiry approach', the 'constructivist approach' or even the 
meaning of the role of facilitator in the context of science teaching and learning need 
to be explained in more depth. This will help teachers to plan and use the correct 
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strategy for effective science teaching. The curriculum developers need to 
understand that teachers require a simple and straightforward language directed 
towards practical classroom problems. 
7.4 Implications and Recommendations 
7.4.1 Science Teacher Education 
Even though this study has focused on practising teachers' teaching of primary 
science, the findings also allow suggestions to be made for the improvement of the 
primary science education in the teacher education programme. 
The study has shown that teachers"preconceptions of science teaching have the 
greatest influence on their teaching behaviour in their science classrooms. These 
preconceptions are seen to influence not only their understanding of science 
knowledge, but also their values, beliefs and attitudes about science and the teaching 
and learning of science. 
In Malaysia's teacher education programme, the components taught include 
knowledge of science (subject matter), science teaching methods, and other related 
knowledge concerning management, classroom organisation and resources. In 
Mellado's (1998) terminology, this is known as the 'Static component'. However, 
this knowledge is insufficient for prospective teachers to change their beliefs and 
raise the matter of science teaching practices. Trainees must also undergo the 
'dynamic component' which comprises the static component plus self-knowledge, 
personal reflection and other related elements of teaching practice. Although the 
importance of the dynamic component is undeniable, teacher education programmes 
rarely address this issue in-depth (Mellado 1998). Since teachers' preconceptions are 
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seen to influence their behaviour, it would be beneficial to focus on the dynamic 
components so that teacher educators would be able to help prospective teachers to 
review those preconceptions, including their beliefs, values and attitudes towards 
science teaching and learning. 
The implication here is that the science teacher training programmes should consider 
the inclusion of an element where prospective teachers would be able to express and 
explicate their preconceptions and which would encourage critical self-reflection. 
The prospective teachers should be helped to become reflective and self-conscious 
about their beliefs and this could help to change their behaviour. This should be done 
both during teaching practice and also during the'taught elements of their course. 
Teacher educators need to focus more directly on identifying existing teacher beliefs, 
and stimulating trainees to examine and change their beliefs about issues such as 
how students learn and the teachers' role in the classroom. Prospective teachers need 
to be encouraged to make such inquiry a habit that will serve them well throughout 
their careers. 
As the model for teaching primary science is constructivist -a model based on a 
conceptual change learning strategy -it is essential that instruction for prospective 
science teachers uses the same model. 
7.4.2 Science teachers'professional development programmes 
Results from the study suggest some challenges for the designers of the in-service 
programmes. The usual method of disseminating an innovation has proved 
ineffective; therefore a different method must be introduced for a more effective 
implementation of an innovation. Ariza and Gomez (1992) found that there was a 
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distinct change in teachers' pre-conceptions when the in-service teacher education 
strategy adopted a conceptual change teaching programme. This was also useful in 
exploring teachers' concepts about science, how to teach science and how pupils 
learn science. Similarly, Haney, Czerniak and Lumpe (1996) also suggest that 
conceptual change models of staff development may help to accommodate teachers' 
attitudes towards implementing the strands, which are critical components in the 
educational change process. 
This study has shown that teachers' classroom practice is informed by their 
preconceptions and understanding of teaching and learning of science and its 
objectives. These preconceptions and understandings coalesce into teachers' 
perceptions. Any proposed innovation has, consequently, to be congruent with these 
perceptions if it is to be acceptable to teachers. The present study clearly shows that 
teachers' perspectives and understandings are incompatible with the central values 
of science teaching. This is disturbing indeed for it questions the appropriateness of 
the intended primary science education in a Malaysian context. 
However, if significant innovation is to be acbieved, teacbers' concerns must be 
recognised. Their problems should be acknowledged and viewpoints taken seriously. 
Therefore, teacher development and change has to start from exploring and 
evaluating teachers' current practices and beliefs, and has to take account of their 
concerns about their own professionalism and feelings of self-worth. Reform or 
innovation in the science primary classroom must be based on knowledge of 
teachers' actual practice and an understanding of, and support for, the environments 
in which primary teachers work. 
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Teachers need to work collaboratively so that they can bring their shared experiences 
and problems and discuss these with experts, thereby developing their understanding 
of science education. Ile confidence derived from this approach would help 
teachers in their respective classrooms and they would be able to generate new 
personal views towards science teaching. They could also be encouraged to reflect 
on their teaching through action research, with regular seminars based on this 
approach. All of this needs to be monitored, and consultation and reinforcement 
needs to be ongoing if effective curriculum implementation is to be achieved. 
The most important strategy in implementing a new intended curriculum is for 
teachers to be given an in-depth exposure and understanding of the rationale and 
theoretical perspectives underpinning the curriculum. Teachers would then not only 
understand, but also internalise, the objectives and the instructional strategies, and 
they will be able not only to implement it but also sustain the curriculum innovation. 
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APPENDIX 1 Questionnaire used for the study 
SECITON 1. 
Thi3 part of the guestionnaire is about vou and vour background in science, 
Please answer the question byputting a tic* (-V) in the appropri afeb= 
I. Sex Male M Female 
2. Age 20-25 
Fý 26-30F] 31-35 
r-1 36-40 E] 41-45[--l >46 E] 
3. What is your highest quaMcatioa? 
Lower Certificate of Education /SRP Malaysian Certificate of Education/SPMEJ 
Ifther School Certificate /STPM Diploma 
(if othen, Pleme Spedfy- 
4. How long have you been teaching? 
Less than a year EJ 1-5 Years F1 6-10 Years n 11-20 YtME3morc than 20 years 
5. How long have you been teaching science? 
Less than a yearEj lyearE] 2 years EJ .3 years 
E: ] 
>4 years E] 
6. What were your optionhnajor during teacher training? 
Science 
M 
Non- Science 
(If non-science, please specify-_-) 
7. What other subject(s) do you teach besides science at present ? 
(Please Vat the appropriate boxes, you may tick more th an one) 
Bahasa Malaysia Fý musicFý Moral 
Fý Artfý P'hysical Educ . ation E] 
English r-1 Mathematics Ej LocalStudies LivingSidUs E] 
Islamic Religious Education 
S. Which level of pupil do you tea& science to at present? 
(Please Val the appropriate boxes) 
Year 4E] Year 5 
[1 
Year 6 
9a. Have you attended any in-servicc courses for primary science education? YES NO 
(Please cirde the appropriate answer) 
9b. If you answer yes, please state the following 
Name of the Course Whcn (Year) Duraticn (No. Of days) 
- 
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SECTION 2. 
This vart of the questionnaire is Rbout the obiectives of the vrimary science curriculum 
In this part of the questionnaire you will be able to give your opinion and views on the objectives of primary 
science education. What are your thoughts about them and implementing than Always bear in mind THE 
C11ILDREN'S BACKGROUND AND ABILITIES IN YOUR SCIENCE CLASSROOM when giving your 
views in this section. 
10. Below is a list of primary science objectives as stated in the primary science curriculum documcnL 
Based on your experience teaching KBSR science, what is your opinion of the importance of each of the objective. 
Study the list and evaluate the importance of each objective as you implement it in your class. 
(Please use the scale belowfor statements i -ix below 
Extremely important -5, Very important - 4. Not Sure = 3, Not very important-2, No importance. 1 
The objectives of primary science education are to give pupils the opportunity to: 
L develop thinking skills to increase intellectual capability M. 
I increase interest in the environment E] 
iii. develop scientific skills, attitudes and an inquiring manner 
iv appreciate the orderliness of the universe 
v. gain knowledge and understanding of the scientific concepts and facts in order to understand 
themselves and their environment 
vL de-velop the ability to solve prob1cms and make responsible decisions 
viL increase their ability to cope with the latest contributions and innovations in 
science and technology 
viiL practice good morzl values and scientific attitudes in every day life El 
ix. appreciate the contributions of scicnee and technology for the welfare of Fý 
11. Based on the priý science objectives as in question 10, plcase Rank the objectives IN ORDER OF 
IMPORTANCE. 
pfease inificate which you consider are. 
a) the two most important of the objectives by pufting I-most inqmrfant, 2- second most important 
b) th e two most least hnportant of the objectives by putting 3- least important, 4 most least important 
PLEASE ENSURE THAT YOU HAVE GIVEN ONLY TWO MOST IMPORTANT AND TWO LEAST 
IMPORTANT 
The objectives of primary science education are to give pupils the opportunity to: 
L develop thfi)king skills to increase intellectual capability F-I 
ij iname natural interest in the Mvh=MMt 
iii develop scicntific skills and attitudes in an mqwnng manner 
i, v appreciate the systematic structures of the universe 
v. gain knowledge and understanding of the scientific concepts and 
facts in order to understand themselves and their environment El 
vL develop the ability to solve problems and make responsible decisions F-I 
vii. increase their ability to cope with the latest contributions and innovatIons 
In science and technology 
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viii. practice good moral values and scientific attitudes in everyday life 
ix. appreciate the contributions of science and technology for a comfortable life 
12. Based on the primary science objectives as in question 10, give your own views using the scale below on 
your understanding and the degree of implementing the objectives in your classroom and put the scale in the 
appropriate boxes 
(Ileoe use the scale below to giveyour views andput the oppropriate scale in the haxes provided) 
I understand and it is easy to implement - 1,1 understand but it is difficult to implement -2 
1 understand but I do not know how to implement - 3,1 do not understand -4 
The objectives of primary science education are to give pupils the opportunity to: 
i. develop d1irddng skills to ft=mc intellectual capability El 
E increase interest in the environment El 
iii. develop scientific skills, attitudes and an inquiring maimer El 
iv appreciate the orderliness of the universe 
v. gain knowledge and understanding of the scientific concepts and 
facts in order to understand themselves and their environment El 
vi develop ffie ability to solve problems and make responsible decisions 
F-1 
vI increase their ability to cope with the latest contributions and innovations 
in science and technology El 
viii. practice good moral values and scientific attitudes in everyday life EJ 
ix. appreciate the contributions of science and technology for the welfare of 
man Fý 
SEMON 3. 
This vart of the guestionnaire is about vour views on teaching strategies in science lessong. 
13. The following is a list of statements about the teaching of science. Indicate how far you agree or disagree with 
each statement using the scale below. 
Points to remember when rating the statements below: 
To bear in mind CHILDREN IN YOUR SCHOOL, their background and ability and how they will affect your 
teaching strategies and to bear in mind YOUR OWN VIEWS/OPINION. 
(Please use the scale below in rating the statements andput them in the appropriate boxes) 
Strongly agree - 5, Agree - 4. Not Sure = 3, Disagree - 2, Strongly disagree -I 
Ja Science lessons: 
LI always use open ended questions to encourage my pupils to elaborate their responses F-I 
I It is difficult for me to encourage questions and ideas from my pupils to direct lessons Fý 
and whole instructional units 
iii it is difficult for me to promote pupils' leadership qualities as a result of the learning process 
iv. I encourage my pupils to use alternative sources of information both from written 
materials and vqmts 
v. I encourage my pupils to test their own ideas, Le. by answering their questions, their guesses 
as to causes, and their predictions of certain consequences 
vL I think it is not necessary to encourage my pupils to challenge each others' conceptualisation and ideas 
viL I always make sure that my pupils have adequate time for reflection and analysis after each science 
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lesson 
viiL I find it difficult to use all the ideas my pupils generate during teaching session El 
ix. I respect alI ideas my pupils generate F7 
x. I find it difficult to encourage my pupils to collect real evidence to support their ideas El 
xL I am not able to determine if my pupils are able to reformulate their previous ideas Fý 
idL I often use co-opcrative learning strategies that emphasise collaboration, respect, tolerance, El individuality, and the use of division of labour tactics. 
14. What role do you play in your science lessons? 
(please tick -Vat the appropriate box under column (a), you may tick more than one. 77jen put an *for 
the mostfrequent roleyouplay inyourscience lesson under column (b) in one box only) 
in my science lesson I act as: 
(b) 
a facilitator H 
a giver of information El F] 
a motivator 
a class controller 
a researcher 
a Classroom manager Fý 
(For question 15, please x7ite in the spaceprowided) 
15. The idea 'Pupils as active learners' means that pupils are able to generate ideas and opinions and able to test 
their ideas with their own initiative. 
Is the idea' pupils as active learners' applies to your science lesson. if it is/is not so, why? 
5ECrION 4. 
This part of questionnaire is about the science resources in your school. 
This part of questionnaire is to find out your views on the science resources in your school. 
(Please cirde in the appropriate answer) 
16. Do you feel there are enough science books available for reference in your school? YES / NO 
17. Do you feel there is enough science equipment and materials in your school? YES / NO 
I S. Do you use the science ro= for your lesson (Please fick V in one box only) 
Never [] Smewncs R Often R 
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19. If you use the science room, the feature in the science room that help you most in your lesson. 
(Please use the scale below in rating thefeature of the science room andput them in the appropriate box) 
Strongly agma=5, Agree4-, Not surc=3, Disagrce=2, Strongly disagrw-I 
a. It is easy to access science equipment and science material F-1 
b. The arrangement of chairs and desks help for easy group-work activities 
c. The availability of teaching aids such as charts, OHP, etc in science room Fý 
d. It is easy to control pupils during activities in science lesson 11 
20. If you sometimes or do not use the science room, the reason for not using the science room 
(Pfease use the scak below in rating the reasonfor not using the science room 
andput them in the appropriate box) 
Strongly ag==5, Agrea=4, Not sure=3, Disag==2, Strongly disagrw-l 
a. There is no science mom in my school 0 
b. The science room is use to store science equipment and materials, etc, 
ED 
c, The science room is too small to accommodate my pupils 
d. it is difficult to control pupils movement and behaviour in 
, 
science room 
EJ 
Fý 
SEMON 5. Thi3 part of the gues6onnaire is to find out how you or2anise the IDUDils in Your science lesson, 
2 1. What is the closest description to the way you organise your pupils for science lesson? 
(Please tick Vin one bax only) 
a. Always in small groups, no whole-class teaching. 
b. Mostly in small groups, some whole-class teaching. 
c. Mostly whole class, some small group work 
4L Always as a whole class, no small group work 
22. For scic=c do you group children by ability? YES I NO 
(Pfease cirde the appropriate answer) 
23. If you group childrm by abBity, what art you guided by? 
(Pfease tick Vin one &u only) 
& Overall level of ability 
0 b. Maths ability El Science ability nd. Language ability[] 
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24. What sorts of task do you give pupils? 
(Ilease tick -lat th e appropriate box un der column (a), y ou may tick more th an on e. 77j en pu t an *Jor th e 
mostftequent task you give your pupils for scien ce lesson un der column (b) in one box on ly) 
(a) (b) 
a. All pupils are given the same science activities HH 
b. Pupils always generate their own activities El D 
c. The starting points are the same, but pupils develop activities in an individual directions Fý 
d. Pupils are given modified tasks according to their ability M 
c, All pupils are given the same task and take them forward as far as possible F1 F1 
SECTION 6. 
This part of the guestionnaire is about vour views on mzýil characteristics in vour cience lesson. 
25. Below is a list of skills in primary science that has been widely accepted as relevanL . Most teachers will ensure 
that a majonty of these skills are achieved. In practice however, it scans likely that these skills will be in conflict 
with one another in such a way that the pursuit of any one renders the attahunent Of some Of the others to be less 
likely. VVhen such a conflyt occurs, am of the skills must be given pref=ncc over the others; one skill becomes 
more important than the othcrs. 
Bearing in mind the possibility of conflict, and based on your experience teaching KBSR science, please 
assess the importance of each of these sIdUs using the scale below. It is WORTANT to bear in mind also when 
rating these statements CHILDREN IN YOUR CLASS, their background and abilities and how these effects the 
skills they should achievedd. 
(Please use thefollowing scale) 
I- the skill is very important 2- the skill is important, 3- the skill is of relatively minor imporM= 
4- the skill is unimportant 
The child should be able to: 
L develop critical and discriminating attitud 
ii understand all scientific concepts taught by the teacher 
iii. handle scientific materials and spccb= propaly 
iv. memorise concepts taught in preparation for their national examinatiorL(UPSR) 
v use scientific drawing with great accuracy 
vL talk about his own and other's opinion/ideas in a reasonable way D 
viLdevelop creativity and inventiveness in some fields 
viiL convey his meaning clearly and accurately during discussion 
ix. know some simple and basic science process skills such as; El observation, prediction, making inference, classifying and communicatiort 
x. acquim knowledge and informatiort from written materials, for ocarriple sunirnarismg, taking notes EJ accurately, using the library and computer 
xL show a set of scientific values on which to base his/her behaviour, for example honesty, sincerity El and personal responsibility. tolerime. respect, appreciating others, their feelings, views and 
capabilities 
ns h as xiL plan independent work where s/he is capable ofusing the integmted sciewe process ski Sur F1 
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malcing hypotheses, manipulating variables, analysing information, self-expaimenting and organising 
his/her own time 
26. Now select those sIdUs in question 25 which seem to you the most important by placing the relevant numeral, 
i-xý in each of the three boxes below which your pupils will be able to achieved. 
Most important sldU 
M 
Second most important sIdR 
E] 
Third most important skill E] 
SEMON 7. 
This vart of questionnaire asks your opinion on how of the factors below influence Your imlementation of 
the Primary science curriculum. 
27. Study the Mowing list of factors and rate the degree of influence each factor has on your implementation of 
the curricwuln. 
(Please use thefollaKing scale) 
Very strong influence = 5, A strong influence=4, Some influence - 3, Only little influence - 2, No influence -1 
i. Head Teacher ofyour school Fý 
ii. Head of the Science Department El 
U District Education Officer 
iv. Level of pmfessional ftmining of teachers 
v. Level of opportunity for in-service training F-I 
vi. Time off to attend courses F1 
viL Level of provision of teaching material and equipment El 
viiL Co-operation among science teachers in the school 
ix. Your own level of competence in science 
x. What should be taught, e. g. through syllabus, schemes of work, or PUKAL 
xi. Teacher Activity Centres 
xii. Pupils in your classroom M 
xiii. N=ber of children in your class Fý 
xiv. Abilities of children 17 
xv. Attitudes of children F71 
SECMON S. 
This nart of the cLuestionnaire will ask-your vigws aboutftjDrirnary_science curriculum 
28. Study the list of statements below. Please assess each statements according to your own views about the 
primary science curriculum using the scale below. 
(Mease indicateyour opinion by using the scale below) 
Strongly agree=5, Agree=4, Not sure=3, Disagrec=2, Strongly disag=-I 
i. I don't Lke teaching KBSR science Fý 
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I Since KBSR, I have had to learn a lot of science F-I 
iii. I feel stress when trying to complete the science syllabus r7i 
iv. I don't feel confident to teach science F-I 
v. Assessment needs make it difficult to satisfy the requirements of the curriculum Fý 
vi. My children need to learn through practical activities 17 
viL KBSR science is not appropriate for my pupils El 
viiL I was asked to teach science against my wishes Fý 
ix. KBSR science is too -abstract for the cUdren I teach 
x. The KBSR has made me get to grips with teaching science 
xi. I think that promoting science as a separate subject in KBSR is appropriate for children in this El decade 
xiL KBSR science does not help me to meet my pupirs individual needs. m 
0 
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APPENDIX 2 Summary of teachers' responses on the objectives that are easily 
implemented 
_Respondent 
Objectives Reasons 
AA (ii) Easy to tell pupils about the animal kingdom and indirectly pupils 
are interested. 
BA (ii), (Iv), All four can be done indirectly in the lessorL 
(Viii), (ix) 
iz (ii), (viii), Obj. ii- easy to gain pupils interest. 
(ix) Obj. viii- instilled indirectly during lesson development. 
Obj ix- only for specific field. 
MA (HI(viii), Obi. ii- interconnected with other subject. 
(ix) Obj viii- indirectly and it is across curriculum. 
Obj ix- indirectly and only specific in thetechnology field. 
MY (H)I(V) Obj ii- when they have knowledge so interest increases 
Obi v- easy to gain knowledge in various ways 
NH (ii), CIV), Obj ii-pupils have prior knowledge. 
(vi), (vii), ObJ iv- easy in a specific topic i. e. earth and the universe. 
(Viii) Obj v-usually pupils able to solve problems with my guidance. 
ObJ vii- already instilled in other Subjects. 
Obj viii- I just have to give them the information and it's only in a 
specific subject. 
NB CIV) By giving knowledge through explanation of the concept. Do not 
need a lot of equipment/apparatus just by giving reference books 
and charts and I explain directly to pupils. They do not have to 
search or look for information. 
NU (viii) The easiest is to instil good values and scientific attitudes for 
example instilling the co-opýerative attitude and not to be selfish in a 
_group .... 
that is the easiest. 
RU (ii), (viii), Obj ii- all activity increases pupils' interest. 
OX) Obj viii- is instilled also in other subjects. 
Obj ix- indirectly by looking at development in technology in the 
technology field. -I 
SH Cfi), (iv), Obi ii- increase pupils interest in experiment is easy. 
(viii), (ix) Obi iv- appreciating is easy ... 
just depend on their attitude and it is 
implemented. indirectly in the earth and universe topic. 
Obi viii- instilled indirectly during lesson development. 
Obj ix- indirectly-show them science contribution so that pupils will 
understand it. 
SS (ii), CIx) Obj ii- pupils experience it in the lesson and connect it to real life. 
Obj ix- instil indirectly during lesson development. - 
ZA (IV), (viii), CI All three do not need skills and it is not included in the exam and we 
X) can just instil it indirectly in the lesson. 
DZ (H), (V), Obj ii- easy to increase pupils interest with school's environment. 
CIX) 
I 
Obi v- at least 75% of pupils have prior knowledge on the topics. 
Oý ix-indirectly by using electronic media inclassroom teaching. 
Table 5.2 Teachers' responses on the objectives that are easily implemented 
(Obj. - Objective) 
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APPENDIX 3 Summary of teachers' responses on the ýbjectives that are difficult to 
implement 
Informant Objectives Reasons 
(obj) 
AA (iii)XV) ObJ (iii)and(v)-difficult to develop their scientific skills in the classroom during 
Teaching and Learning process. If the class A and B it is okay but C class is 
really difficult to use the inquiry approach. In the end we will be giving all the 
answers. The A andB class is okay but with my guidance. 
BA Wkii). Obj (i)and(iii)- it is my own weakness in trying to develop pupils' thinking skill 
(v) and science process skill. I do not have enough knowledge to teach these skills to 
pupils 
Obi (v)- this is also my own weakness to make pupils understandL It's quite easy 
for the good pupils to understand the science facts but it's difficult for me to 
make the weak pupils to understand the science concepts. 
iz (iii), (vi) ObJ (iii)- this objective emphasises pupils searching (investigating) thertfore 
thinking but pupils are already trained to be recipient of knowledge so when they 
enter year 4, they become shy and difficult to communicate. So the problem is 
they camot think to the expected level. This might be caused by their 
environment, knowledge, cannot understand teacher explanation and the new 
terminology in science. 
ObJ (vi)- This objective is related to (iii) and pupils has self esteern problem. 
They are not brave enough to make decision so there is a relationship between 
obi (iii) and (vi). 
MA (01(iii), Obj (i)and(iii)- I need to do references if I want pupils to carry out experiment 
(V)I(Vi) and it is difficult to find references. 
Obj (v)- It is difficult for the weak class to look for information on their own. I 
have to tell them everything to the extend of how to look for information in the 
library. - 
ObJ (vi)- It is difficult for pupils to solve problems on their own, they are slow 
in doing it if I do not guide them. I have to guide them how to carry out the 
work, what to do first, second and the rest 
MY Wkii) Obi Wand(iii)- It is difficult because pupils do not want to think. Pupas have 
been trained with spoon feeding method so when they enter year 4, they still wait 
for instructions. So to bring them to think I have to use a lot of approaches to 
stimulate thek minds. I have to use things that are unique or creative then pupils 
will feel it as a challenge. 
NH (01(iii). ObJ (i)- Pupils are too lazy to think. They wait for teachces instructions or wait 
(V) for teachers to give than. I have to train them frequently by using questions. 
Sometimes they do the questions but answers are still wrong, theyjust don't 
think. 
Obi (iii)-It is most difficult for the weak class. These pupils even if you do it 10 
times they still do not understand. - 
ObJ (v)- I feel pupils cannot fool science facts and the concepts too. If they 
carmot mernorise facts and understand conceptsý even the questions come out 10 
times but put differtntly pupils will not be able to answer. Even for the good 
I class only half of the class will understand. 
NB (01(vi) Obi (i)- The most difficult. The thinking skills follow the level of questions. If it 
is at low level pupils am able to answer but if we ask them to analyse, comment 
and critique, it is difficult for them. to do so. Pupils in this school they read less 
so they cannot give opinion and their knowledge is limited. They cannot give 
ideas. There are a lot of reading materials but pupils pmfer light reading like 
fiction, the materials on knowledge do not get their attentions. 
ObJ (vi)- It is also difficult and it is the same reason as obi (i). They lack 
knowledge so when I give them problem they have no self confident to solve it, 
they are too dependent on teachers. 
NU (01(iii). ObJ (i)- It is difficult. 
(vi) ObJ (iii)- Pupils need to think too to do die scientific skills, so to do it in inquiry 
ann I have to tell them what to do. I have to explain first. So for tho good 
chin I explain briefly but for the weak class I have to tell Umn step by step. 
Obi (vi)- This is difficult for teachers to let pupils solve problems. I need to 
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gui them especially for weak class but not so for good class. 
RU (01(iii), ObJ (i)and(vi)- Pupils just cannot think, even though I say I encourage them but 
(V) (V 1) they cannot think scientifically. I have to guide them a IoL If I give them a 
problem they cannot develop it. This means they lack reading and cannot think a 
IoL So their knowledge is limited and not wide. 
ObJ (iii)- It is difficult to do inquiry because pupils do not know how to think so 
it is difficult for them to do so. I have to give, I have to guide them then they will 
be able to do it. Pupils need to be guided to do the inquiry and it takes time. 
ObJ (v)- about this objective gaining knowledge even if I give them reading 
materials to read at home they do not do so. I have to give ffictn a lot of exercise 
questions. les him drilling and it takes time. Understanding concepts and facts 
arc difficult among pupils. Even if I have explain once or twice they don't really 
understand. For the good class I still have to explain 2/3 times if not they still 
cannot understand so that is difficulL For those who read a lot, it's easier but not 
for those lazy pupils. 
so (01(iii), ObJ (i)- to prepare pupils for the thinking skills is difficulL I act as a facilitator 
(V) and pupils are the one carry out learning. Meaning that we give a problem and 
pupils solve problems and I as teacher only give guidance but it is difficult to 
instil thinking skill. To ask pupils to make conclusion is also difficult for pupils. 
They do not see what they should do, thus they cannot give the conclusion .... It is difficult. 
SH (01(iii). ObJ (i)and(iii)- to develop pupils' scientific skill is easy for good pup5; and the 
(vi) same with thinking skills. Even for the good class not all will be able to get the 
thinking skills. 
SS (iii), (V) ObJ (iii)-they cannot master the science process skills and they need teachers' 
guidance 
Obj (v)-base on my experience when pupils enter year 4 they have little science 
knowledge aid little understanding of science facts and concepts, for example, 
thcv do not know the science terminology. 
ZA (iii), (V) Obj (iii)and(v) most difficult because of pupils' background, my pupils are from 
the rural areas so their reading is limited. Based on my experience teaching 
them, they have very little prior knowledge and lack of reading If I ask them to 
read in the library, they will be reading storybooks. This is the problem in 
teaching science and I tried but it is difficult to implement 
DZ (iii), (Vi) Obj (iii)- It is difficult for pupils to achieve because pupils do not see science 
concepts in everyday life. So there was no inquiry at all. When there is science 
and the science learning emphasises the skills, pupils have difficulty to achieved 
it, and not many pupils will be able to achieve iL 
ObJ (vi)- For this objective, I think we do a lot of practical work which in the 
end we want a result and sometimes not all the practical work gives result that 
we hoped for. So usually in practical we only want to emphasise that pupils will 
be able to do the processes that I idmtified..... that I determined but to make a 
responsible decision they might not be able to achieve all .... maybe a difficult I practical work they won't be able to get results. 
Table 5.3 Teachers' responses on the objectives that arc difficult to implement 
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APPENDDC 4 Summary of teachers' perceptions of the objectives that are difficult 
to understand 
Informant Objective Reasons 
AA (vii) It is difficult to understand. Does it have any relation with obj. (ix) or 
does it mean we apply the advancement of science and technology in 
our fife I just dont know. 
BA (Vii) I said it is difficult earlier but maybe I don't understand fidly. What 
contribution and innovation. 
iz (IV)/ "Vd What is it actually I don't know. 
MA None None 
MY (vii) To cope with the latest contribution of science and technology does it 
mean pupils using the technology product for ommple telephones, the 
person who invent it is creative, but person who copy it make it better. 
So does it mean pupils cope with the level of better innovation or is it 
the contribution eldsted to be renewed or what? 
NH (Vii) I seldom use this for nry pupil. _ NB OV) Arrangement, I don't know what this means and orderliness in nature. 
From what aspect. That is why I put it least important. 
NU (vii) How to cope, what form of contribution and innovation, I don't 
understand it so I do not implement it. My understanding is that it is 
maybe suitable with secondary school. I don't understand so I cannot 
explain it. 
RU (vii) For me I don't know this one, for pupils able to cope with the 
contribution until what level and is it possible for pupils to do so. 
How... 
so None 
SH (vii) I don't understand this objective, is it for primary school maybe it is 
applicable for the secondary school 
SS None 
ZA (vii) I don't understand, I just don't understand 
DZ (H) What is it that to do with inquiry. 
Table 5.4 Teachers' perceptions of the objectives that are difficult to understand 
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APPENDDC 5 Summary of teachers' attitudes towards the primary science 
curriculum 
Informant Attitude On Primary Science Attitude On Teaching Primary Attitude On Teaching Primary 
Science Science In Relation To Other 
Subject 
NU Good for the VmRgs Combinati Positive attitude towards science 
It's good for pupils because its Difficull initially and 
important for their future so that burdensome but now enjoyable. 
their brain will. develop and our Exam oriented cul nation will be a developed nation 
Benefit the weak 
NH As a OMMmt: ion for the Positi Positive attitude towards science 
s29gBdga school I have great interest in science 
It's an early exposure for them. so I enjoy teaching science 
Content overloa Teacher concern on RMils 
science 
NB Good for the MWils Combination. Positive attitude towards science 
It's emphasis skills, increase Science quite difficult compared 
interest and develop talent to other subjects but its 
enjoyable to teach. Teacher m=cnt 
inlementing science in ygqx 4 Teacher reflect on VgJg 
MY IMRICmcnt Positive Positive attitude towards science 
It should have done earlier, last I feel very happy because it is 
time there was scienceý it should my field 
have continued not stop and then 
mix it with other subjects. 
Science MMS skills 
Teacher argument 
irwlem=--ting science in =4 
BA As a OMwtion for the Posi Positive attitude towards science 
122mdga school If you asked about feelings then 
Prepamtion for secondary school. it is enjoyable 
I can see that there is a bridge of 
knowledge fiorn y6 to form I 
Teacher irament on 
imRkMoýng science in yar 4 
AA Good for the MWiIA Posi Positive attitude towards science 
It increases pupils interest in the Something new for me so I 
subject enjoy it 
Jz 1ý: iMga science difficult Combinati Negative attitude towards 
The standard is too high, I Difficult initially 
science 
remembered last time I learn 
science it was simple. This one is 
But enjoyable and challenging 
more detail and the form I of the too 
ser. School is also learning up to 
that level. I feel it should be 
introduced but the scope must be 
reducedL 
Eas 
Teacbg ins 0 g2a 
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content knowl 
RU As a Mamtion for the Combinati Positive attitude towards science 
m9gadm school Interested in science, when 
It will be easier for the pupils asked to teach I was happy but 
when they go to see. School since afiaid to teach it initially but ies 
they have basic science so it will okay. 
be easier for the secondary school 
teacher 
Thinking skills 
so Good for the zýp-ils Combinati Negative attitude towards 
Pupils able to explore their les an enjoyable subject but 
science 
envL, onment and enjoy learrung need revision to prepare before 
new things teaching. 
SH As a R==tion for Pos Positive attitude towards science 
WMd= school I am interested in science, yes I 
Good, science is expose earlier to like science 
pupils and it will be easier for 
them when they go to secondary 
school- Exam oriented cuI 
Science process skills and 
thinking skills (-) 
SS Good for the 12M2s Comb Positive attitude towards science 
I hope to develop pupils with Interested in science but initially 
ability in makin decision, make fitce many problems in teaching 
conclusion and able to generate strategy 
ideas 
bde 2MdMJ 
ZA Good for the MMfls Positive attitude towards science 
I feel it is good because last time Interested since I was from 
they are exposed only in the see science stream 
school but now they have basic 
so it will be easier for them. 
MA Good for the MWils Positi Positive attitude towards scumm 
It is good for the pupils but It is an interesting subject 
ministry's planning was bad. 
Teacher unsatisfied 
minista's method o 
imnlementing the 
DZ Earlier imMementati C Positive attitude towards science 
It should be done earlier. last It is challenging to make pupils 
time when I was schooling there understand concepts but I am 
was science and then it is only an interested in teaching science 
element in a subject but new it is 
a single sulýject, it is good 
Teacher concern on MMib 
science 
Teacher a== 
i=lemm911g science in m4 
Table 5.5 Teachers' attittxles towards the primary science curriculum 
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APPENDIX 6 Summary of values teachers hold in implementing the primary 
science curriculum 
Informants Good Science Lesson Most Important Pupils Ways To Educate Pupils In 
Outcome In Science Science 
NU &=oches Content Instil interest through classroom 
Group activity-search for Change of attitude activity-we must instil, interest first 
information, discuss in group by doing experiment, outdoor 
and present in-fiont of class activity. it's like games and pupils 
Classroom 2Mmajsati love games so they will enjoy it. 
Mixed ability 
Feedback 
Question-answer session at the 
end of lesson 
NH AMMches Contea Through extra co- curricular 
Experiment-at least there must Science process skills. activity- science clubs handle 
be an experiment because in Between content and science science ganhn4 science quizcs 
science usually have experiment process skills pupils shoWd 
Classrmn oraanisa have the science process skills 
Mixed ability as die most important 
Feedba outoome. 
Written exercise 
NB AMMches Content Through extra co-curricular 
Inquiry teaching approach- Change of attitude among activity- 
pupils raise problems, carry out pupils Science club-science week- 
the activity and get the concept competition-creating models, 
by themselves. drawing models of vehicles for 
Classroom Mnisatio year 2020 
Mixed ability 
Feedba 
Dunng the activity- while doing 
expenment, their result and 
their presentation 
MY Ammehes Thinking skills Teacher as role model 
Fjqmiment-when pupils have 
the science process skills. they 
will gain the thinking skill so 
when I asked them to analyse, 
classify then they will be able to 
do it 
Classroom 2rganisa 
Mixed ability 
Feedba 
A qtmfion-answer session at 
the end of the lesson for a fitst 
feedback. 
BA Aomcbes Content Other souroes-science magazines- 
Group activity- usually group Good science exam result Parents &Wdance on science 
activity is the best so far I give program on television 
them and activity then discuss 
in group appoint a presenter 
and the present in-fivat of class 
Classroom 2rganiation 
Mixed ability 
Feedbec 
Monthly test and written 
exercise 
AA Ap2mmhes Content Library/books/ 
Guided mquiry approach-from References 
pupils experience and inquiry 
strategy but I have to guide 
them with enough material and 
explanation, pupils will 
remember easier through. 
experience and they imdcrstand 
easily 
Classroom o=intion 
Pupils mixed fileely 
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Feedba 
Test and written exercise 
Jz Azm2aches Content Extra co-curricular activity- 
Experiment- there will be a lot Thinking skills competition of science posters, 
of answers in the experiment as scrapbooks and vivarium 
group at individuals, some are 
wmng, some are correctý I feel 
enjoyable like that. 
Clas=m organisati 
h4ixed ability 
Exercises 
RU Azngchcs Thinking skills Science across curriculum 
Experfinezit-when you give 
cxperimentý a teacher will give Extra co-curricular activity-cyNbit 
a problem to discuss what to do model create by pupils in science 
it's like an inquiry approach club, science quiz and science tmil 
that the best 
Classroom 2MAWsa 
hfixed ability 
F 
During the activity- if I make a 
group discussion. then fivni the 
presentation of their result we 
will know if the group is able or 
not 
so Ap=che3 Content Library/books/ 
Inquiry approach-we start with Pupils attitude towards References 
a set induction to probe pupils science 
knowledge about the topic like Environment 
we want to do inquiry strateM 
we stimulate pupils until they 
are able to see what we really 
want to teach them 
i i Clasnoom organ sat 
hfixed ability 
Fe dba c 
Question-answer session at the 
end of lesson 
SH AMMches Good science exam result Through extra co-cuzricular 
Group activity-the best is it activity-science club -science 
must have activit)% a good garden, scrap books competition. 
planning them must be activity 
and conclusion, pupils must 
give conclusion to ua. that is 
more effective, It must have 
group activity then individual 
activity, it must have 
worksheet. equipment and than 
it is complete. 
Cl ssr om isati a o man 
Mxed ability 
Feedba 
Questiori-answer session at the 
end of lesson and exercises 
SS AMMbes Content Science across curriculum 
Experiment- based on my Thinking skills 
experience, the best is when 
P*IS carry Md vqxriment 
cl ý asswom 2 
Mxed ability 
F db ee a 
Question-answer session at the 
end of lesson 
ZA Azmchcs Good science exam result Environment 
A lot of strategies btd mostly Libraryhreferenoes/books 
experiment Activity 
C1 C n organisad 8SSrD q 
mixed ability 
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k 
Question-answer at the end of 
lesson 
MA Ar=ches Pupils self satisfiiction Extra co-curricular activity. 
Expairnent- I always saw that scrapbooks 
die strategy that give the most 
interest to pupas is doing 
experiment. they are really 
showed enthusiasm when asked 
to collect the apparatus and cant 
wait to start the experiment. 
Claso)om gManisati 
Freely mix gcoder 
Feedba 
Test 
DZ Az=ChC3 Good science exam result Extra co-curricular activity- 
Experiment- science teaching is through clubs and other uaiform 
mom towards Practical. Thinking skills Unit. 
Practical is the best because 
things we want to show pupils Environment 
sometimes can't be shown in a 
Short tiMC, SOMCtMeS it take I 
day or two maybe a week so 
practical is the best way. 
CI O== orgArd 
Mxod ability 
F & ee a 
During the activity-I look at the 
result of the practical, so I look 
at the process fim the starting 
they C817Y out the CxpCrMICnt 
until the end. So I look at the 
result, the way they do it and 
the process of clearing up fi-orn 
them we can anticipate their 
understanding. 
I 
lat)le3.6 v*nxs mactiers noLa in unpiementingme prunary science cumewum 
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APPENDIX 7 Summary of teachers' beliefs in primary science education 
Informant Philosophy Belief On Philosophy And Opinion On Science Brmund Equip 
on science Belief Effect Science As A Teachers To Teach Science 
Science Implementation Process Of Inquiry 
NU Future Science is Implementation Agree, experiment Yes, but problems with the 
awareness important for wid, future science process skills 
our pupils awareness 
agenda 
NH Classroom Science is our Implementation Agree. Yes, science knowledge from 
based need Ere with curriculum Experiment the distant learning for a 
agenda degree 
NB Classroom Science is our Implementation Agree, Yes, but not I 00%ýt prepares 
based life with curriculum Not applicable to for the basic knowledge 
needs agenda all pupils 
MY science as Science related Implementation Searching Yes, I was from science 
god's to religion with religion stream and my option in 
supremacy values teacher trainee was science 
and I have taught science in 
spoondary schools before 
BA No No response No response Agm, No. 301/9 because secondary 
response Not applicable to school is different from 
all Pupils primary so I don't see it helps 
so much 
AA No No response No response Agree. Yes, I took science in Form 4 
response Experiment and form 5.1 feel I am more 
prepared and confident to 
teach science compared to 
teachers from art streem 
Jz Science as Science is Implementation Agree, No. sometimes I have to find 
god's important to ow with religion Thinking skills more. There am topics that I 
supremacy pupils values can teach and there are topics 
I need to find out mom 
Sometimes the pupils have 
good b/ground with mothers 
having degree in science and 
their questions are of high 
standard 
RU Classroom Science is Implementation Agree, Yes, because I have learnt 
based related to with curriculum Thinking skills science in form 1. the 
needs religion ag ends irdegmted science then the 
form 4and5 science with bio, 
physic, chemistry when I 
taught I remembered what 
rve learnt before so no 
problem from the content 
perspective and when I make 
reference there is no problem 
so Classroom Science is Implementation Agree, Yes, I was from a science 
based important for with curriculum Experiential stream class, it helps a lot. I 
needs our pupils agenda learning feel if a teacher without 
science b/ground she cannot 
teach well. 
SH Future Science is Implem=tation Agree, experiment Yes, but there is little 
awareness related to with future experience, only the 
religion awareness knowledge but it does not 
agenda prepare us to teach primary 
science because it's different 
SS Classroom Science is our Implementation Agree, No. all this while I was only 
based life with curriculum Experiment exposed to the Man and 
needs agenda EnvhDnment and it doesn't 
have thinking skills. I only 
attended the orientation course 
so from that perspective I feel 
Ws not adequate for me to 
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teach science, Yes I &el 
inadequate because it is a new 
thing 
ZA classroom science is Implementation Agree, not No, not enough, I have to add 
based important for with curriculum applicable to all more, sometimes I don't know 
needs our pupils agenda pupils how much to teach for the 
primary science curriculum. 
bow much and bow deep. 
Another thing is the proms 
skills, it' difficult to instil 
these skills. We have to instil 
but the year 4 we cannot instil 
the difficult ones, they are able 
to do as far as observation and 
classification. Last time we 
don't have the science process 
skills and th; nk; ng skills in 
science. They can learn as far 
as the basic knowledRe. 
MA Future Science is Implementation Agree, not Yes, I have the science 
awarieness related to with future applicable to all expmence from primary, 
religion awareness topics secondary school then I make 
agenda a lot of references from the 
form 3. and form 5 science 
books. For example the 
biology is related to the plants 
and animals so the previow 
experience helps. But for me 
some ofthe topics in year 6.1 
can% master for example the 
topics on earth and universe. 
Science as Science is our Implementation Agree, No, to me it's not enough. For 
8OX3 life with religion Questioning min& me what I get from tboe general 
supremacy values science in the secondary 
school is not enough to teach 
yea 4.5.6 science that's why I 
went for the 14 weeks course 
as a distant leandri& From 
them I saw that the module is 
quite a high standard. 
Compared to what was in the 
module with the gencml 
science in the 80's it is 
definitely not enough to 
Pepare me teach primary 
science. 
Table 5.7 Teachers' beliefs in primary science educatioa 
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APPENDDC 8 Summary of the factors influencing the way teachers teach science 
(teachers' beliqfS) 
Informants pupils In-Service Course Colleagues Others 
NU No influence Yes, it helps in the Influenced, discussion Headteachers. 
teaching es on teaching strategies Time allocated too short 
NH pupds. ability Yes, it helps irk the Influenced. Depends on topics of the 
science proms Discussion on teaching lesson 
skills(SPS) but not on strategies. 
teacbing strategies 
NB No influence Yes, it helps on teaching No influenced, they only The text book and teacher 
strategies commented on my guide book 
strategies. Time allocated is too 
short 
MY No influence No influence because I No influenced Influence by Islarn 
am giving the course, I religion 
am influencing the 
teachers 
BA Pupils'ability Yes, it helps on the Influenced co-operation Science Equipment 
strategy but it is not she gave in teaching aids -the order always came 
applicable mostly in the and discussion on late 
weak class strategies. Self attitude 
Time allocated is too 
short 
AA No influence Yes, initially but later I Influenced, sharing of Using other reference 
modify according to class ideas and discussion on books but not the text 
abili% activity and teaching 3tMt*CS book 
environment Curriculum guide 
Jz Pupils'ability No, I only attended one Influenced, discussion on Science equipment and 
course and they only teaching strategies materials-inadequate 
discuss on format 
question on SPS 
RU Pupils' prior knowledge No, it does not influence Influenced, discussion on Self preparation 
much, a lot is from my teaching strategies 
so Pupils' attitude Yes, it helps on the SPS Influenced. discussion 
Pupils' prior knowledge and sharing of ideas on 
topics that are not 
surelconfident to teach. 
SH Pupils'ability No, not much help about Influenced, sharing of Note giving 
30-401/a in the first year experiment materials and 
mostly I learn own my equipment for the pupils. 
OWIL 
-ýS- Pupils'ability Yes, it discusses on SPS Influenoedý discussion on 
and teaching strategy but teaching strategies 
it is not applicable in 
classrooralhaveto 
moMed 
Pupils'ability Yes, it helps on the SPS I influenced them since I 
and teaching strategy and am head science teachers 
r 
it's effective for the so I discuss the teaching 
children strategies with them 
-NIA Pupils' ability Yes, it helps in teaching - Influenced, discussion of - Depends on topics of the 
I strategies - I teaching strategies lessons 
DZ Pupils' ability Yes, it helps in the SPS Influenced. discussion on 
Pupils' prior knowledge teaching strategies 
Table 5.9 The factom influencing dw way teachem teach science 
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AppENDIX 9 Summary notes of classroom observations A focus on teachers 
content knowledge 
LAA was observed twice and her conteritknowlodge in these science topics was giving pupils the concepts on animals'eating 
habits and the characteristic of lights. In the first observation, her content knowledge was observed when she defines the terms of 
hcdnvom, carinvom and omnivore and whm she tried to link the conceptual content to children's infarmal, oTeriences of the 
mouth-parts of animal with their eating habits. In the second observation, teachees content knowledge was only sm when 
teacher expWmed the use of the concept on reflections of light in everyday life. Her ommples of rear mirror in cars and periscope 
showed that it was conceptually correcL 
22A was also observed twice and her content knowledge was on explaiaing to pupils the effect of heat energy. Hem her conterit 
knowledge was observed when she defined the term heat and she monitors the use in pupils' answer and another of her content 
knowledge was observed when she gave examples of the heat energy (by using the transparencies). Both of her content 
knowledge was correct II. 
I. 
3. JZ was also observed twice. Inc lessm on Animal movement. teacher's content knowlexige was observed when she concluded 
the lemon, for her pupils by explaining the movements of animals and also explaining the physical characteristics of animals with 
certain movement In her second lesson, it was observed that her content knowledge showed when she discussed the result of 
their activity through worksheet (most of the answers were given by teacher). However. both of her content knowledge was 
correct. 
4. MA was observed oncr- His content knowledge was observed when he discussed the results of the activity and during 
conclusion of the lessori. Ho mostly defined the term of conductor and insulator and monitors it uses in the activity. 
5. MY was also observed onor- go content knowledge was observed wh= he concluded the lesson for his pupils. From pupils 
activity he explained the basic need of animill discussed in the lesson. 
6. NB was observed twice. Her content knowledge in her lawn OfAninW mM&m was observed when she explained on ways 
animals, bmd by giving example& During this phaw it could be seen teacher tried to links conceptual content to children-3 
informal expericnom Her second lesson on magnetic material, teachces content knowlex* was observed wh= she explained 
the magnetic materials are made of iron. 
7. NH was observed twicm In her first lesson, tmches content knowledge was observed twice. Fistly, when she explained 
briefly the ways of preservation of food. Here she tied to link conceptual content to childrezes informal experience of food 
becoming be& Secondlyý when she gave the definition of the term of pickling. In, the second lesson of accelerationt. teacher's 
content knowledge was nu observed since this lesson was only carrying out the activity of the Icssom 7be theory part has been 
explained on previous lesson (told by teacher during the lesson to researcher) 
& NU was also observed twice. In her first lesson on food web, a nurnber of her content knowledge was obsavc& Firstly. she 
gave a definition of food chah Then she asked for conceptual understanding when she asked them what would happen if thin 
were no grames. Another evidence of her content knowledge was when sbr showed them a traiisparency on habitat in a pool and 
asked pupils to develop food chain and food web fiom, the picture. This showed her content presentation was oorrect In her 
second lesson. teacher focused on science process skills. thus much of her science pedagogical skills emerged but nd much of 
content knowledge. However. the content knowledge was only observed when she discussed the result of pupils' activity of the 
insulator and conductor. 
9. So was observed once. A number of her content knowledge was observed during the lesson. Firstly, in introduction teacher 
links presed lesson conceptually to previous lesson when she mentioned that food is the basic need of living things and that 
anirnal have different eating habits. Another of her content knowledp was when she definad the term of herbivoM carnivore 
and omnivore, Thm she links conceptual content to children7s informal experience of bunian eating habit. Lastly whm she gave a 
problern on the animal eating habit, here she asked for conceptual understanding rather than just for fitctual or procedural 
knowledge. 
10. SS was observed twice. In his first lesson, his content knowledge was observed when he linked present laison conceptually to 
previous lesson of the plants basio Dead of water. In this lesson one wrong content knowledge that teacher made was when he 
mentioned that boiled water do not permit oxygen to get into it not that oxygen has been removed by boiling. In. his second lesson 
quite a number of his content knowledge was observect Firstly when he links conceptual content to children informal experience. 
1, bis was done in the introduction pbase by asking pupils why do they need to cat and drink and link this with plants basic needs. 
Another content knowledge was whm teacher give examples of rat eating bread showed that the example is conceptually correct. 
However. whm teacher starts explaining the photosynthesis of plants, this showed 
) 
that teacher content presentation is not 
&-velopmentauy appropriate yet to childrenýs level in this lemon. 
11. sil was " observed twice. In her first lesson. her content knowledge was observed when she tried to link ooticeptual 
content to children7s informal cxperiencies. This was done when she asked pupils to role-play as doctor and patient getting a 
treatmerit and doctor was using a clinicid thermometer Another evidence ofber commit knowledge, was when she explained on 
ft thermometer and the method of reading a thermometer. This was dme, by using a prepared transparency of a picture and 
informafim an thermometer. This showed that her content presentation is accurate. In her second lemon. the content knowledge 
was not observed because she spent much time on owmchng pupils' activity and dictating correct answers on the task sheeL 
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12. ZA was also observed twim In her first lesson the only content knowledge observed was when she links present lesson 
conceptually to previous lesson. The previous lesson was on food chain and the present lesson was on food web. The reason for 
no content knowledge cmW be observed was the whole lesson was pupils drawing the plants/animals of the food web. (not 
emphasised by teacher to write names of plants/animals only) In her second lesson, she also link present lesson conceptually to 
prmous lewori when she asked on apparatus using beating elements and the lesson on effect of beat. Another of her content 
knowledge was observed when teacher made conclusion, here teacher links conizeptual content to children informal experiences. 
This was done by explaining that effect of beat in the electric appliances important in life and gave example of rice cooker. 
13. DZ was also observed twice, In his first lesson, his content knowledge was seen when he linked present lesson conocptually 
to the previous lessom Hem it was done, by asking pupils qucsd= an sources of electric current Ik then linked conceptual 
content to children informal experience when he asked pupils the example uses of battenes. He then asked what energy changes 
happened when a ItmthW is used. Another evidence of his content knowledge is when he linked conceptual content to 
children's informal experiences of electrical appliances at home with the changes of energy happened in the electrical appliances. 
In his second lesson, his content knowledge was observed when teacher linked present lesson conceptually to previous lcSWM 
Here teacher tried to IU pupils' knowledge on electric circuit so that they will be able to test the conductor and insulator 
materials through the clectric circuit. Another evidence showing teactier a content knowledge is when teacher asked for 
c, coceptual understanding rather am just for factual or procedural knowledge. This is when teacher asked why were wires wrap 
by rubba made materials. Another evidence is when teacher defines term of insuLdor and conductor and monitors the use of the 
terms. III 
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APPENDDC 10 An overview of lessons / Lesson observation notes 
In this part, desaiption of each of the lessons observed was given by way of an overview. 
Observation description 
Teacher's name: SO 
Date: 12/2/99 
Tune: 11.05-12.05 
No of Pupils: 42 
Topic of lesson: Animals' eating habits 
SO starts the lesson by asking pupils questions 'What food have you taken during recess time? ' Teacher points to several pupils 
and asked what did they eat during recess time Pupils responded by giving all type of foods they have eaten. Then she said that 
from this they could see that most of them eat different food. Then teacher asks another question, 'Why do you need to eat? - One 
pupil responded by saying to livm But teacher did not respond to his answer but she lead the question by saying 'so that we 
camw .... but pupils still say 'to 
live'... -then teacher continued to say... 
'to live and so that we wont get hungy. Then she 
asked for any other reasons. Pupils' responses were 'to grow'. 'to give energy'. 'to become active and clam' and 'not to die of 
hungee. Here teacher said that the reasons they give are related to the previous lesson -that food is the basic need for human. 
Bere teacher is linking the previous lesson with today' s lesson by saying that they will be discussing that other living t1ags need 
of food. She said that is'animal and continued by asking a simple low (no) level question. 'Do animals need to eat? ' Pupils 
answered as a whole class 'Yes', then teacher continue to say 'yes anknals need to eat to live'. lien teacher asked pupils for 
exampleofanimal and their food. Then a gid answcrcd, 'a goat eats grass'. Another pupil said4 'fishes eat worms-. Then a boy 
said 'a rabbit eats plants'. Teacher ilian immediately continued to her plan by saying that they will be doing activity group. This 
event shows that teacher did not even use the pupils responses to continue for her next activity and (lid not em give any feedback 
to pupils answer. Here, what the teacher is tying to do is to link the concepts of food as the essential basic need for living things 
and the concept of animals eating habits. Here I feel teacher should have taken the opportunity from pupils, responses on some 
type of the animal mentioned and their food to continue the lesson. The answers pupas gave show that they already have some 
ideas of diflerent animal eat different foods. But instead teacher immediately said they would & group activity. She said she will 
give picture card and they are to discuss in a group and state from the picture. Then teacher explain by showing example and said 
that she give 3 arrows and asked them to write down the food the animals eat at the arrows and if they found that if they have 
mom than 3 food they can add more arrows. Here teacher is giving instruction on what they are supposed to do, in their 
discussion. Then she called up the group leader to get the picture card firom her. 
The pupils at this point become noisy and again teacher instructed them to put the picture in the middle and pupils started asking 
questions. But teacher asked for attention again to listen to her instructions. Hem the teacher once again instructs pupils to 
discuss in their group to state the food the animal (in the pictum) eats. She called the name of few pupils to put the picture in the 
midcHe so that everyone can see mid give their opinions. Then tell the class to start discussing. At this point pupils am busy 
discussing and the class became a bearable noise. 
nc strategy used in the lesson was discussion- Teacher provide picture cards of an animal for each group with a prepared sheet 
of task with a simple concept map to discuss in the group the food the ani-I (picture card) eat. After all groups have received 
the material from the tcacherý they are asked to discuss in a group using the prepared materiaL Teacher then moves around he 
room and asked pupils to predict their results. Once in a while, she intervened by saying and stressing to focus only on the food 
the animal discussed. During this period. SO noticed that a group was having some sort of difficulty and helped them through 
questioning them. This activity took about 10 minutes. Then teacher asked if they have finished, but she gave a minute or two for 
them to finish. 
Then instructed pupils to stop discussion and prepare to represent their discussion to the whole class. The teacher said 
that she wants every group to send their representative to read what they have written. Then she asked a group why am they so 
noisy and what was their problem. It seems that the representative do not want to volunteer since he has gone to take the picture. 
liere teacher asked them to change turn. Then teacher called up the first group Teacher asked the boy to put up his picture and 
asked him to read what have been written. The boy said a lizard eat flies, termites, ants and mosquitoes. Teacher repeated the 
answer and then asked another group to come out During the presentation, some pupils disagree with some of the group answers 
for example a group discussing the food rabbits eat saying that rabbits eat breadL And another group discussing the food that 
ducks ea% include worms. The teacher then said that they will be discussing this in a sh(xt while after an groups have presented 
All six groups were given the chance to present their result After the presentation teacher asked questions to pupils to provide 
explanation and to clarify of the eating habits of animals. 
Then teacher go through again the answers the first group gave and asked the whole class if them are any more food the anirnal 
eat. She did this for all the joniTnal discussed. 
Then teacher asked pupils to observe from all of the six animill discussed the differences in their food. Then she said between the 
sixanirnals was there any animals that eat simila types of food (more or less the same). A boy answered'lizard and fiog', 
another boy said, duck and fish!. Another boy said 'rabbits and goats'. Then teacher repeated the answers the pupils said and 
asked pupils to look again at the previous answers given in the first activity. Then teacher asked what did they see in the food the 
-lizard and a-og ear. she asked pupas in which vow do this belong to. Pupils said small animals and teacher asked again which 
group (here teacher is looking for the answer she wants pupil to say) 
She tried to lead the pupils to say the type of animal's pupils said the'aArnals that live on IanT. She once again said that they 
have learnt m living things is group into certain group At this tune a pupil mentioned 'herbivore'. Then she asked the pupa, 
what is heNvore and die pupil said'& ad know'. Then other pupils said 'carnivore'. Hem teacher seems drawn back by the 
pupils responses and she was not happy with the pupils that came out with this term and asked the pupil who mentioned it to 
explain what it means. Again here she asked pupils that they have learnt that living things are group into two and what am they 
Here, teacher ignored other pupils saying 'carruvore'. What is happening here was teacher tried to let (direct) pupas to come to it I- 
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certain conclusion from the discussed presentation ie thme are animals eating plants only. animals eating meat and animal that 
cat both plant and meat Here pupils mentioned again the term but teacher asked pupils to listen to what she wants to explain first 
and not the term yeL Then she continued, what is the other group, pupils said duck and fishes that eat everything plants and 
sinimals. Then here pupils in the background start saying camivore. I :, Then teacher said, 'now I want to introduce to you that the group of Animals eating plants only are called herbivoM then she 
explain the carnivore and omnivom She asked whether they have been taught this pm-viously some answered yes and some 
answered no Then teacher continue by saying that if they have known this why are some of their answen are still wrong. 
Then teacher writes this down on the board. Then teacher introduces the tem herbivore. carnivope and omnivore. To SO this is 
new to the pupils but it seems there were two pupils already knew the term but when asked what is the meaning they did not 
know. It can be seen that she was not happy with this unexpected event She then explain the meaning of the term and make a 
link with pupils own expencrice of eating habit mid asked pupils in which category can human be group into. 
After this explanation, teacher asked pupils to group and classify the animals according to their eating habits using the pictures 
they brought firom home, They do this activity as a group Here teacher Uu: s to restructure pupils' ideas of animal eating habit (as 
teacher's teaching plan). During the activity pupils seems to be using the term inti-oduced and classify the animals. Pupils aceirried 
very much interested in the activity and discussing the work. Teacher moves from group to group to morutor pupils work and 
understanding of the concepts of ani-al eating habits. At an instant teacher seemed to intervene in a group by asking again the 
meaning of the term. After this activity. teacher again distributes a prepared worksheet that contain a simple concept map for 
pupils to classify the anirnals that they have group in the previous activity and fill it in the worrkshect provided. This activity, for 
the teacher understanding is where pupils are applying the ideas. Then teacher intervenes again by saying that if they cannot 
remember the terminology to wnte them down on the worksheet at the bottom. But there are pupils still asking her the meaning 
of the term even though she has written them on the board. lea ironic that she did not refer pupils to the term written an the 
board. Then teacher asked them whedicir they have finish or not. After sometunes, teacher said if they cannot finish the task they 
can continue it at home and asked them to stop because they are going to do another discussion. 
Teacher seemed to make a conclusion that from the activity they can see that animals cat different " of food. Again teacher 
mentioned the, w)ivom camivom and omnivore and then said that she has a problem and wanted them to solve the problem and 
discussed it together in a group. In the last activity, teacher gives a written problem for pupils to solve as a group. Teacher wrote 
the problem an a transparaiLT and read it to pupils. The problem teacher gave Was as f0lloW-, 
- There is an increase in number of rats in a rice fieldL Suggest a natural procedure that can be apply to control the nurriber of rats' 
11m teacher asked them to discuss but it 3c=od pupils are eager to answer the questions. Then a boy answered by 'using owls' 
then teacher asked 'why do you use owl'. The boy answered that 'rats will be looking for food at night and owls will also look for 
food at night and owls eat rats as their food. Then teacher asked pupils is there any other way. Pupils answered 'eagles-. but 
teachers do the explanation by saying 'eagles also eat rats'. Then a girl said by 'putting traps' then teacher reminded her that the 
question asked4 'to use a natural procedure'. Another boy answered 'eats'. Then anotherr boy mentioned lanakes'. At this instant 
teacher asked why did they say all these ani-I are able to help to reduce the nurnber of rats and pupils answered because 'rats 
are thej fooX . Then teacher asked in which group do fl= animal 
belong to. Pupils answered camivom. 
This to teacher is the reflection phase of the constiuctivism approach. 
Finally, teach concluded the whole lesson. She said that today they have leamt animal eating habits and again gave a lot of 
explanation on the mricepts ofanirnal eating habits. Then teacher asked if they have any questions. There w= no questions and 
pupils wervi asked to finish and complete their wort I feel dud the conclusion should be made by pupils 8=0 from the 
observation the pupils managed and able to understand the concept of animals eating habit. Here I fed that em though teacher 
said that she was using the constructivist, approach but at the back of her mind she is the information dispenser and it closely 
resembles the authoritarian approach. 
Teacher name: AA 
Date: 24M99 
Tune: 8.45-10.15 
No of pupils: 46 
Topic of lesson: animals eating habits 
Strategy- discussion 
Approach. guided inqu4ydiscovery 
Setting: classroom 
AA started the lesson by showing 3 drawn pictures put up an the blackboard. Teacher asked pupils to observe them pictures and 
asked them what was the first pictum Pupils answered'butterfly' and the teacher asked 'what is the butterfly doing'. Pupils 
answered 'it is feeding on nectar of the flowee. Then asked the second picture, pupil answered'an eagle is eating a rae. Then the 
third picture, 'a snake is opening if a mouth to eat a rat. After showing these pictures, teacher asked pupils -from the pictures 
what is it tying to show'. Pupils responded by saying 'food and animals'. Then teacher asked, 'are the foods eaten by them 
animals the same'. Pupils answered 'No' then teacher said that 'today they are going to look at animals eating habits'. Then 
teacher explained that animal eat different things and there are animal eating plants, eating meat and ffiere are animals eating 
plants and meat. 
Then after the introduction, teacher asked pupils to go into a group of five except a grow has six members. Then teacher asked 
pupils to shift their chairs so that they Could discuss easily. Then teacher distributed pictures for the group. Then teacher 
instructed them to look at the picture one by one and discuss the food that each animal cats. At this instant teacher move around 
to monitor pupils work. Then she asked the Woup to put up their hands when they have finished. Teacher mentioned that three 
groups have finishedL Tlm teacher asked each group to appoint one pupil fi-orn the grouli to write on the board what they haw 
discusse& At this point pupils become noisy commentmg on other groups' restilt and teacher has to discipline the pupils to wait 
for the discussion later. 
Then teacher go through pupils answers one by one on the same animal given to each group. Then teacher concluded that each 
group has similar answers. Then teacher said that she left out one picture that is the chicken and asked pupils what do chicken 
eat. Pupils answered group by grow. Each group of pupils mentioned worms, noe, maize Then teacher continued to state that 
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there are animals eating plants, animals eating Inest and animal eating plants and meat. Then teacher asked how many can they 
class the animal Mien pupils shouted into'3 groups'. Here teacher started to introduce the concepts of-, herbivore, carnivore and 
omnivore and explain the meanmg of each one. But vh= she asked the pupils, pupils said they have known the term already. 
So teacher continued with the other activity. Teacher asked pupils to class the animals into the three eating habits using the 
previous pictures given to them in the first activity. Then teacher said that she would distribute the paper to do a table of 
classification. Then each group presented their result by reading their results to the whole class by a representative. 
After pupils, presentation teaclier immediately show picture of an animars mouth-parts. Mien teacher said that 'a pupil 
mentioned that the ammals have fangs and asked them what is the use of the fangs'. Then teacher said 'it is for cutting meats so 
that is the jaws of a carnivore'. Then said that'usually the parts of the feet has sharp nails' and asked pupils the function of the 
nail. A pupils said to kill the animals' and teacher explain so that the animals ran grip the animals to eat them. Then teacher 
asked how do snake capture its pref . Then pupils give answers 'by 
ffie poison in the mouth'. Then teacher said them are many 
ways. Then teacher asked them to look at the 'mouth parts' of the herbivore. Tlien asked them what do they have, pupils 
answered they have teeth and teacher directed theni to look at the molar and tell them they used the molar to grind the food. 
Then teacher asked pupils to go back to their respective places and told them that she wants to give questions. She distributed the 
exercise sheet for than to answer and this cu=m took about 20 numaes and this is the teacher &W activity until the end of die 
lessori. 
Observation description 
Teaches Name: BA 
Date: 17/3199 
Time: 7.45-8.45 
No. of pupils: 31 
Topic of less= Effect of heat energy 
Strateff. practical activity-station method 
Approach. guided inquiry-discovery 
Setting, science room 
Teacher started the lesson by asking a pupil to feel water in two beakers. Teacher asked how do their fingers feel like. Pupas said 
one is cold and me is war&. Then teacher asked, 'why is thaf? A pupil answered 'because it has heat-. Then teacher 
immediately told pupils that the topic for the day is 'the effect of heat encrgy' and wrote it on the board. 
Then teacher said that they have mentioned 'heaC so she asked them 'what is heat? ' Then tear-her gave examples 'if they run, 
how do they feel? ' Pupils answered 'they will be sweatinle and teacher asked 'why do they sweat, then teacher give the answer, 
'because they feel hoe. Then asked again 'what is best? ', then when there is no answer the teacher link back to the first activity 
of the warm water. Teacher asked agaiý: L the 'meaning of beaC. Then a pupil answered 'heat is the effect of botness'. Then teacher 
explained that 'heat is the effect of hotness or heat is feeling of hotness or hotness that we get from hot watee. Teacher said 
-when there is hot water we can feel the hotnew'. Then she asked pupils 'the hotness is the effect of what? ', pupils said 'heat' 
and teacher try to link this to that 'water is change into heat encrgy. Then she asked Pupas ' why is the other beaker of water 
cold' and she gave the explanation by saying that'there is no heat in that beaker thus it is cold'. Mien teacher dcfimd the term 
heat and write in on the whiteboard. Teacher defined that 'heat is the affect of hotness that is derived fi-Om a process'. lien 
teacher gave an example of running again. 
Then teacher explained that today they will be doing a station method activity according to groups. But before cxplaiýniing further 
cpý the activity she asked more questions. 'What are Other activities that make us feel hot? ' Then pupils answered; 'sports 
activity,. 'houseworr, 'working'. then another pupil answered 'gardening. At this instant teacher directed pupils to difrcrent 
examples (It seem that these answers were not what she sought for). She asked a pupil to switch on the Ught then asked Pupas 
to explain what happened. Pupils answered that 'the light will become warm when there is electric ctureW. Then teacher directed 
them to understand that this is the effect otheat energy. Then she asked for other shilar examples. Pupils give the examples of 
an electric kettle and explain of the concept of hcaL 
After this teacher explained to pupils of the station method activities and instructed that group one will go to 'station one', and 
group two to station two! and the rest follow. Thea she said that they have to answer the questions on the activity at the station 
then wait for her sigrial to tell them to change. Hem teacher emphasised on the safety measure if handling hot things. Then 
teacher distributed the task sheet for each group to record their observations. And asked pupils to elect a secretary to do the 
=cording. Then asked Pupas to give a name to their groups and asked pupils to move according to groups to respective stations. 
During the activity teacher moved round the groups and monitored pupils'works 
Aftr the pupils finished the activities and go back to their respective places (group). tmcbCr started to discuss the results they 
obtained from each station. At this instant teacher only asked what happened to each group according to the station they first 
went. All stadons gave positive results 'that heat is felt for each activity' except station 5 where the brick do not feel hot when 
hammered but one group said Ithere is heaf but the rat of the group did not feel the heat Tliert the group said that because the 
teacher said so when asked previously so teacher has to explain that this is true in the ideal situation. She explained that the brick 
they used was moist due to ram last night and that in an ideal conditim and if it is not wet the beat will be given out when it is 
hammevxl 11z teacher gave all the explanation for each of the activity of each station and not asked pupils to give the 
explanation. During the explanation of the 'heat fick at the kettle' teacher explained of the electrio flow beating the kettle but did 
not explain about the coil heating (heating elemezit) the kettle and also that it is the coil that heat up the water. Another 
explanation that teacher seemed to get mixed up was 'the heat felt at the brick! but she could have asked the pupils to feel the 
hammer insteadL Hem, tea was trying to make a relationship between 'beat energy' and the 'hotness of the object'. 
After her explanation. teacher asked pupils to answer the questions in their exercise books. ne questions have been written by 
the teacher on a large sheet of paper and put it up on the board. Pupils copied it into their exercise books and just underline the 
correct answer Teacher went round the class and look at pupils' work and helped those who did not understand. Finally. as a 
conclusion of the lesson. teacher asked ' what is the relationship between hotness and heat'. A pupil answered that *if them is no 
heat energy they will not feel the hotness'. Then teacher concluded by saying that 'if there is heat energy it will give an effi: O of 
hotness, (to empbasm the conclusion sought). Then teacher asked pupil the source of the heat for each of the activity. Then 
teacher showed a transparency of the sources of beat energy. The source of heat cneW shown is from electric, burning, soiarý 
325 
rubbing. bammenng and form cbmuical reactums. Then teacher ask4 ' what is the most unportant sourom of cncW'. pupils 
answered the 'solar come. Ilmn teacher continued the oTlanation of 'if the earth has no solar enaW. Ilen pupas are asked to 
answer questions in their workbook on the sam topic. The lesson stopped hem. , 
Observation description 
Teacher's name: JZ 
Date: 3/3/99 
Time: 910-1010 
No, OfPUP03: 30 
Topics of lesson: Plant respuation 
Strateff. practical activity 
Appmach: guided kKpjiq-discoverY 
Setting: science 
JZ started the lesson by asking pupils to inhale and then teacher asked thern how do they respire. Teacher asked what object or 
tools (she sbould have used 'organ' hatead) that we use to breathe. Then pupils answered 'the lungs'. Then teacher asked 
'besides bimmn being wbat else use the lungs to breathe'. Then pupils answered 'animals'. Then teacher said that humnan and 
animils use Imp for breathing, Then continued saying that today they an going to investigate another respiration. Then teacher 
said that they knaw that living things are made V of himian bdM plants and Animal q. She said that earlier they have said that 
man and most animal respire through hings so how about plants. 'Do plants respire? ' and the whole class said 'yes'. Then 
tee said, 'as we know all living things respire so plant respire' and'today we are going to W out how plants respire-. Then 
teaciier ask4 'does anybody know how do plant respire? ', a bay answered 'through leaves'. Then teacher asked anybody else 
who wants to response. VA= there was Do more responseý teacher repeated the pupil earlier answer and mid that this statement 
is a hypodmis that is plant respire through the leaves' and so this hypothesis will be tested. And said that this hypothesis might 
not be correct thus it need to be tested. Then t asked, 'what are you going to do to test the hypothesis, and pupib, answered 
that they need to carry out an experiment. .-I 
Then teacher asked each group leader to get the apparatus and material for the practical wo& Teacher asked pupas to Wtcn to 
her what they should take and in3tiuct one pupil from each group to get the material. Then asked them pupas to get back to tbev 
respective group. Then tea instucted pupils to put away all other books. Then teacher checked the materials do group should 
have for the practical work- Then teacher asked them to put up the material as she mentioned one by me. There was one group 
did not take die roots of plants. Than teacher instructed them to collect diami instantly. Then teacher made the pupils to listen to 
her insbwfion. Teacher said that she would be providing thetri with warm water. Then she told the pupils to put the leaf into the 
water and observe what happened and answer the questions on the worksheet and to draw their observation on the rnm-Oa card. 
After distributing the workshed and manila card, teacher asked each pupils firom the groups to bring their beakers to her so that 
she can pour the warm water for them and asked diem to put it in the middle of the table. Thea teacher asked themi to put in the 
leave in the water and asked pupils to observe what they see. At this instant teacher moved rourid the class to monitor pupils' 
wo& Then teacher told thcrn if they have finisW with the leaves to continue with the stems and branches. (lbe pupils follow 
the instruction as tee instrucW am step by step - as a whole class) ., ý- 
Then teacher asked pupils to stop their work and asked them to put their apparatus aside. Then teacher said that they have done 
the experiment and called a group to come Axward to read their answers. Then teacher asked the other group to check their 
answers. Then she asked another group to answer the same questions. Then since pupils did not know how to answer the 
question m inference teacher explained the meaning of inference and gave the answer to this question. Tben, teacher explained 
ft meaning of stoma and told thetri that 'this is the way plants that live on land respire. Thea teacher asked, -bow about do 
plants that live in water'. Then teacher straight away explained the answers and asked pupas to give examples Of plants live in 
water. Then teacher explained that these plants respire through the stems. Then teacher asked. 'what did you observe when you 
put in the branches? ' and then she demonstrated again and said that 'there are air bubbles so the stem is also a place where plants 
respire. Then tesclicr asked whether the hypothesis was co; rrect and pupils shouted 'yes'. - 
Then teacher gave pupils exercise sheet and this took about 20 minutes. The questions were short answer questions related to the 
concept taught. After this teacher asked what conchision can they niakr- A pupil answered 'that phints respire throu& the sk-mm, 
and teacher furawr explained by saying that they are found on the surface of the leaf and the sterns and roots. Then teacher asked 
pupils to copy the notes she wrote on the blackboard into their notebook. 
Observation description 
Teacher's nam: MY 
Date: 24/V99 
Tnnc- 10.00-11.00 
No. of pupils: 36 
Topic of lesson: Basic need of living &ings. 
StratW. Discussion 
Approach: Guided inquiry-&SCOMY 
Teacher started the lesson by writing on the board the topic of the lesson. Then teacher asked pupils to refer to the tvrbook on the 
topic discussed. Then teacher refers pupils to the statement in this todbook stating that'hiumn being need food, water and air to 
live'. Teacher said that 'these needs am called basic n=T. Then teacher asked pupils, 'do anirnal also need water, air to live?, 
Then using dw tcctbook as an aid, teacher asked pupils to write Oist) the mune of the objects they saw in the tmbooL 
Then teacher checkod with the pupils fficir answers on the list of object pupils wrote down. Teacher asked pupils to tick if they 
have the answers and to add if they did not. Then teacher said 'you need to do some observation on the objects mentioned'. Then 
teacher takes the 'suW as an cmmple; thert teacher ask4 'if you want to observe somothing. what do you need to obsaw? - 
Pupils answered, 'the colaue. Vw shape' and 'the size'. Ilea teacher asked how would they state their observation of a surL 
Then pupils =swered, ' do sun is crange in coloue. Then teacher gave a &-w mum camoples of observations. Mere teacher tried 
to teach pupils how to do observations) 
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After this brief explanation of observation, teacher distnbuted some picture for the activity. Then teacher asked pupils to look at 
picture A, and asked pupils to make observation on the picture A- Then after this, teacher asked pupils if anyone would like to 
give any observation an the pictum Some pupils give a few observations. Pupils just explain die observation they saw in the 
picture. Teacher then tried to bring pupils to the basic need shown on the picture by asking what is the basic need that is actually 
shown in. the pictL= Pupils then responded by saying 'food. 'sheltee. But teacher did not respond to this answer but instead 
link back pupils to the earlier statement mentioned. Then teacher asked them to compare their answers with the statement Then 
teacher asked them to say which one (the basic ne4 did they see in ffie pictum Then teacher asked pupils to look at picture B 
and C. Hem teacher and pupils discussed the observation they saw from the pictures. Finally teacher tried to make conclusion for 
the pupils fi-om die observation of the pictutres. 
lien teacher gave exercise for the pupils to do. Teacher wrote the questions on the blackboard for the pupils to answer in their 
exercise books using the pictures given to them during the discussion activity. After the activity, teacher asks if anybody can 
inake a conclusion fim the activity. A boy stated that animal need waterý food and air. Then teacher responded by saying that is 
correct and asked the class to gin the boy a clop. The lesson stops them 
Observation description 
Tead='s Name: MA 
Date: 6/4199 
No ofpupils: 40 
Topic of lesson: Conductor and insulator 
Stmtqy- Practical actmty 
Approach. guided inquiry-disoovery 
Setting- Science room 
Teacher started the lesson by asking pupils to refer to pupils' workbook. then asked a pupil to mad the experiment written o, the 
workbook to the whole class. Cn)is is an intruluction of what they are going to do today) Then teacher again go throtigh all he 
materials that they Dead to use in the practical worIL Then teacher wrote on the blackboard the table for the observation as has 
already been drawn in the workbook. Then teacher asked pupils to refer to their -workbook that they have 8 materials to be tested. 
Teacher asked them to add a few more material to be tested on die table in their woikboo)L While pupils were doing this teacher 
moved around the class to see whether pupils have add on the materials instructed into their workbook. Then teacher asked pupils 
whether they have finish doing it (this procedure took about 10-12 min). 
Then teacher briefed pupils an the intperiment, mitially teacher shows the apparatus they need to have for the practical one by 
me. Then teacher showed (demonstrate) how to connect the electric circuit to test all the materials. Then teacher eVIained how 
to record the observation on the table as on the blackboard. After the briefing teacher instructed representative from each group to 
collect the material from the be& of the class which has been prepared earlier. (At this instant of collecting material pupils 
become very noisy, must be the excitement to do a practical work). Then teacher instructed pupils not to do anything yet after 
collecting the apparatus and material. He asked pupils to put all the apparatus and materials on the table. Then teacher asked 
pupils to check the material they have me by one. 
I'M= ten ask-ad pupils to start the activity in die WmT by instructing them to do the practical step by step. A group seemed to 
be complaining that their bulbs did not light up. Teacher then moved to the group and helped them with the manipulative worIL 
pupils seemed to enjoy the activity but it can be seen that too many pupils in a group caused some pupils not able to handle the 
apparatus. The noise became so great because pupils are quarrelling over tho apparatus. The activity took about 2o minutes. 
After the activity has finished, teacher instructed pupils to put the apparatus on the table slid stop work. Then teacher asked the 
groups to give result of their experiment as he tick the material that light up the bulb into the table on the board. Pupils give the 
answer as group by group. One group had a wrong answer and teacher corrected the group's answen. Then teacher asked them 
what were the material that light up the bulb and which do not. Pupils answered this as a whole class. Then teacher introduced 
the term conductor and insulator. Teacher gave the definition of these terms. time teacher is giving the eVlaxiatiou of a conductor 
that is made up of met at And those not made up of metal am insulators. Then teacher asked pupils to tick all the conductors and 
irisulators in their workbooL 
Then teacher referred pupils to the questions in the workbook and asked them. to answer the questions. Then teacher dictated the 
answer twice for the pupils to be able to write it down in their book. He continued with the next question and again dictated the 
answer after a pupil answered it Then teacher wrote the definition of the conductor and insulator on the blackboard in order for 
pupils to answer thern in their workboolL 
71xn teacher once again ciplainod the meaning of conductor and insulatcor and asked pupils to say out the conclusion of the 
practical wo& Finally ten asked pupils to look at a few other materials such as stone. then asked pupils to predict whether 
the bulb will fight or not. Some pupils said yes, some said no. Then teacher asked them why it should fight or not. A bay 
answered because it is not a meter. Then teacher showed a magnet, pupils predicted it could light the bulb because it is a met 
at. The lesson stop here and teacher asked pupils to clear up their apparatus. ,--", '-, :- 
Teacher's n : NB 
Date: 26.2.99 
I'une: 7.45-8.45 
No of Pupils: 29 (weak ability pupils) 
Topic of k&ww Animal repwduction 
Strateff. disamim 
AppWach-- COnstuctivism 
Setting: Clasmom 
M started the ksson by showing %= two packages and asked them to guess what was inside each package. 111m M3 called tip 
two pupils. They are then handed die package each one. They are asked to open up the package and other pupils are looking at 
the two pupils with enthusiasm Pupils seemed to be interested iQ the lesson and shouted their guesses but none of their guesses 
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were correct. Then the boy and the girl were asked to unwrapped the package and took out toy stuffed animals. Once the toys 
were taken out the class laughed and teacher asked them what animid is it He shouted a bearý the girl shouted a turtle. Teacher 
asked them to go to their places and start asking pupils 'How do these animal make themselves become many? ' Then pupils 
shouted as a whole class' by giving birth to the young' and 'by producing eggs'. CMs phase was planned as the 'orientation 
phase'). 
lien teacher felt that she tried to let pupils elicit their ideas by grouping them in five groups then give them a prepared large 
sheet of paper written with a table c*nsisted of pictures of animals and the ways animals reproduce in two column; giving birth 
and producing eggs. Pupils were to discuss this in a grow and tick the column in the way they reproduce. After pupils have 
finished their discussion, the group leaders were asked to put up their results on the board. She went through the answers together 
with pupil and corrected die wrong answers by some groups. There was an argument on how whales reproduce. This made the 
situation interesting. Only a boy said that whales give birth and other pupils said that it is wrong because whales are fish and fish 
produce eggs. Then teacher asked the boy why did he say that. he told the class that his sister told hirm At this point teacher 
explained that all fishes produce eggs except whale& Then teacher continued explaining on the ways animals reproduce and that 
there am animals produce one egg or many eggs and give birth to one or many young's. Here teacher gave emphasis on mammals 
that am giving birth such as whale. (To teacher this is the restruc turtng of idea phase where pupils will change their preconceived 
ideas on ways of how anirnal reproduce). 
Then teacher gave another activity - making scrapbook of the ways sknimal reproduce. (Hem teacher assumed the phase to be 
application of ideas phase). Teacher distributed large sheet of paper drawn with the pictures of animals and drawing papers for 
each group. Then teacher instructed pupils to cutout the animal and paste it on the drawing paper according to the ways they 
reproduce. She also asked pupils to label theanimals. 
Tlxn as a final activi% teacher tried to conclude the lesson by asking questions for the pupils to think back on the things they 
have leamt in the lesson. The questions were asked as a whole class. The questions were; 
How many ways do Animal reprodum? 
State the two ways? 
Give examples of snimid giving birth? 
Give examples of animal producing one eggAmany eggs 
Give examples of animal giving birth to onelmany 
Pupils were able to answer all the questions easily. These questions were low-level questions. This might be because teacher flt 
that the class is a low ability class and prepared the questions which were not challenging. Finally teacher make the conclusion 
by explaining the ways animal reproduce again. 
observation description 
Teacher's name: NH 
Date: 23/3/99 
Time: 9.15-10-15 
Topic lesson: Object that moves fiLstcr moves furthest (acceleration) 
Stratew. Practical activity 
Approach: Chfided inquiry-di=very 
As the pupils cam in late for 15 minutes. teacher skipped the introduction part and she started by dividing the groups into 4 
groups. After this has been done, the teacher wrote on the board the table they need to copy into their exercise book for the 
recording of the activity Then teacher monitored die class by going around to look at pupils' work. Then she instructed them to 
write ffie name of the pupils in their group into the exercise book. 
After the task has finished. she started explaining the activity they are going to do. She explained how to use the stopwatch 
briefly and how to measure the distant they are going to run. Then she instructed the pupils to die field. In the field pupils started 
measuring the 30 meters distant they need to run Teacher played the role to start each group to run (T think this is to make sure 
everybody finish on time). But I could see there was problem in using the stopwatch by some pupils, which made some pupils to 
raun. The activity took about 30 minutes and teacher instructed pupils to go back into their classroom. 
once in the classroom teacher asked pupils to calculate the acceleration (the theory has been taught in earlier lesson. according to 
teacher). While pupils were calculating the acceleration, teacher wrote some questions on the board for the pupils to answer in 
their exercise books. (Since this is to be uged for the purpose of the cotperiment test so teacher said that she woWd not discuss the 
answers with the pupils because she need to take the mark for the test). Then pupils continue with answering the questions. 
Durizig the pupils were working on the calculation teacher intervened in giving the concept of acceleration. 
Then finally teacher asked pupils to finish up their work and send it to her since it is going to be use for the test. The lesson ends 
here without any conclusion from teacher Or Pupils. ýI1171 
Observation description 
TeachWs name: NU 
Date: 2V2/99 
Thw. 9.40-10.40 
Topic of lesson: Food Web 
StmtW. discussion 
Approach- Guided inquiry-appmach 
As an inbuluction teacher used a simulattaL She called Out SeVen pupils in frmt of the class to use masks of flairr-I andask 
each me to make the sound of animal they are actin& Then teacher asked the class to name what anirwis their friends were 
acbn& Then teacher asked pupils to make a food cham from the ammals acted out. This is done verbally and pupils hold hands to 
show the food cham. Then tcacber explained the term of food chain. 
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After the activity of the simulation. teacber asked pupils to discuss the food web in a group from the simulation activity and write 
it oA on a shed of paper. Then teacher asked each group leader to draw their food chain on the blackboard. Then teacher went 
through each group results and owrect pupils mistake of the food chain After this activity teacher asked pupils which sknirrial get 
the most food and pupils answered the eagles. 11en teacher asked what happened if there was no gra3S, pupils said there won't 
be any food chain because there is no 'producce. 
Then teacher draws pupils' attention to the 01HP. Teacher showed a transparency of 'habitat in a pool'. Then teacher asked if 
anybody could make a kod chain from the picture- Then teacher asked how many food chains could be made from the habitat in 
the pool. Pupils answered 2 food cham. Then teacher showed another situation and asked each group to predict the number of 
food cbain from the situation ori the transparency. After predicting this teacher asked them to discuss in a group and write down 
the discussion results on the large shed of paper provided. Teacher asked them to write down as many food chains as they can. 
After the acdvityý teacher asked representative from each group to present their discussed result Each group3* representative 
went out and read their result to the whole class. Then teacher compared the group prediction of food chain earlier with the ones 
they have after discussion. Then teacher concluded that they can make seven food chains from the situation the most and all their 
predictions were wrm& Then teacher explained that they would be able to make a food web from the combination of the food 
chain they have statedL Ilm teacl= asked them to O)py the food web into their exercise book and also the food chain they have 
discussed. ý: ýIýI-I". I, ý 
Then. teacher asked pupils to sing a song teacher has prepared related to the topic dicy have learrit. I non teacher asked pupils to 
sing the song group by group. Pupils seemed to enjoy this session. Finally teacher asked some questions regarding the lyrics from 
the song and the lesson ended hem 
Obsemtion description 
Teacher's Name. SH 
Date: 31/3/99 
Time- 12.00-1.00 
No. pupiI& 42 
Topic of lesson. light travel in a straight line 
stmtegy: Practical activity 
Approach. guided mquiry dLscovay 
Setting: science room 
Teacher started the lesson with a question, 'Why is light importane? Teacher asked pupils to put up their hands and answer as 
individual (which sometimes do not happened in other observations). Then a pupil responded 'if there was no light it would be 
darV. Then teacher asked any other answers but not waiting for responses she immediately added, 'light can brighten up the 
environmenf. Then teacher asked, 'is there light at nighV. then pupils answered 'yes', but teacher immediately say that it is the 
cause of the moon's light but not very bright compared to in the day. Then teacher asked Pupils agail% -where do you get the 
light? '. Then a pupil answered. 'from the sun. Then teacher asked any other source. Pupils responded fi-ont the moon, then 
teacher corrected that the moon do not give out ligK she asked them to look back at their year 4 topio on this. Then teacher 
continue &gain saying 'something that we need to light up'. to this pupils' responded it as 'fire'. (Teacher tried to seek for the 
IW answer). Thert teacher concluded that all these are called sources of lighL IkM teacher was explaining that light is , form 
of energy and that object that give out light is a source of light. Then teacher told them that today they an learning about light 
characteristics. And that dzy are going to some practical work to see the characteristics of lighL 
Then teacher started distributing the task sheet fbr everybody. She asked pupils to refer to the task shect, then explained the 
apparatus they need as stated in the task sheet and teacher asked pupils to follow the instruction in tha task sheet when they are 
doing the activity. Than she read the instruction on the task sheet for the pupils. Then teacher called up group leaders to get the 
apparatus from her. Then pupils started the activity in a group and teacher moved around the class to monitor the pupils' work. 
During the activity, teacher told the class that everybody has to be involved in the activity and do the observations together. 
Teacher was also seen helping pupils to light up the candle. Teacher reminded pupils during the activity by telling them to make 
the hole in a straight line in order to see the light. Then, after sometime teacher asked them to refer to Cdf th task sheet an re er to 
step 3 and again teacher read it to her pupils. Then teacher asked each group whether tlzy have finished. 
, her After the children have finished the activity, teacher instructed them to send all the apparatus to teacber-s table. Then tea, 
asked them to write the answers first before discussing the questions on the task sheet in a group. Then a boy was called up to 
present his group's obasavatica as stated on the task sheet. Then teacher corrected his sentences of obsem6orL She called up 
every group but for every group she corrected die pupils way of answerin& She gave feed back that all observations were correct 
Then she continued to the nwd question. When. pupWs answers were incorrect teacher did not say so but then she gave her 
version of answer. Then she tried to otplain this by using a 'torch-light' and showed that if blocked the light cannot be seen and 
this is because light travel in a straight line. (Here it can be seen that teacher will only make confusion to pupils where pupils 
would think that light will only travel through holes). Teacher continued discussing the answers with the pupils and giving and 
dictatmg the correct answers. Then tcachcr asked pupils to make a conclusion and asked a group to give their concluslon, Then 
she asked the whole elm to say out the conclusion. Finally teacher asked them about the variables in the activity (serves as an 
addition to process skill requiremcntý 
Observation description 
Teacbzes Nam: SS 
Date. 10/3199 
l'unw. 9.30-10.30 
No of pupils: 33 
Topic of less= Bask need for plants 
Strategy: practical activity 
Approack Gtided. inquiiy-discovery 
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Teacher started the lesson by askmg a question, 'what did you do during recess fime? Pupils answerect 'eat and drinle. Then 
teacher said that the most firequent thing they always do is eat and drink during recess. Then teacher asked Pupils, 'why do you 
need to eat and drir". Pupils responded by saying 'so that our body is healthy. Another said that it would not make them go 
hungry. Then teacher asked why do they need to drink, pupils answered so that they won't be thirsty. Here teacher is directing 
pupils to see the basic need of human being. Teacher tried to links this with the basic need of plants. Before this teacher asked 
questions on group of living things. Then teacher told pupils that plants are also living thing and have basic needs. 
Thentescli showed a transpamncy'a picture of a rat eating bm&. Teacher askedý 'what is the rat doing'? Pupils answered that 
the rat is eating bread and teacher continued by saying that animals need food to live and so does the plants. Then teacher said 
that plant cannot find food and asked 'so how do plants get foodI Then a giri answered, 'plants need sunlight to live. Thezi 
teacher asked, 'why do plants need the sunlight. Another girl said, 'so that plant can live healthy with sunlight'. Here teacher 
explained that plants make food and most grow plants can make food and teacher continue with the term'ohlorophyll- to make 
food and need the sunlight to make foodL Then teacher asked 'what else do plants need to live? '. Pupils responded by saying, 
oxygen, water and minerals'. And teacher asked for one mom but Pupils did not respond and teacher finally mentioned carbon 
dioxide. (nris event showed that teacher has already given most information about the 'photosynthesis concepts' which is rot 
required in this less= of introducing the basic needs of plants em though there is a relationship but should be discuss in a 
much later stage) 4 
Then teacher told pupils that they would be (king experiment to investigate the basic need of plants. Teacher asked group 
representative to get apparatus. But before that teacher gave an instruction. Teacher briefed them what apparatus they need to use 
for die experiment. Teacher also continued briefing pupils on the method they should do in the practical activity. After the 
briefing teacher called up the pupils to come and get the apparatus one by one (due to a very difficult class to controo. Then 
teacher reminded pupils to put in the water on the codw wool in'petry dish A! and no water in 'petry dish B% (The whole time 
of this activity pupil became very noisy and uncontrollablej Teacher monitored the pupils work. When pupils have finished 
preparing the petry dishes teacher said that they would need to observe the Petry dishes for a wecIL Then teach" asked pupils to 
predict what will happened in pety dish A and B within a week. Then teacher asked them to record the observation for the day in 
a table (prepared by teacher) and continue to record the Observation for a week. Teacher guided pupas to write the observation in 
the table for today's observation for 'petry dish A' and asked pupils to discuss in their group for recading observation in -petry 
, dish B'. 
After this activity, teacher distributed an exercise sheet to every pupil. Then teacher asked them to refer to the exerci3e and read 
the question together with pupils. The question was on interpreting a graph of height of plants that grow in four weeks. pupils 
seemed to be interested in the question and everibody seemed to be focusing in the question (noise level reduced during this 
activity). One of the questions were an the science process skills of making interpretation why the heights of the plants differ even 
though they were planted on the same day. Teacher tried to guide pupils to oxne to the answer, 'plants differ in height due to 
amount of water the plants receive(r. (Here teacher was tying to get pupils to give the 'right' answer - according to his 
predetermined answer) Teacher then asked pupils to write down Uie answer --`'- 
Then teacher distributed another exercise sheet. Then teacher discussed the question an the exercise sheet. Teacher asked a Pupil 
to read it loudly for the class. The question is on making inference. 'why was there a diffierence between the two plants? ' Then 
teacher tried to ask pupils to come up with their inferences. Teacher had difficulty in inying to get pupils to give their answers. 
Then teacher asked another questions on predicting and again teacher had difficulty in trying to get pupils to come up with the 
answers he wanted. Finally teacher gave the answer for pupils to write on the exercise sheet. 
(in my cxpcnc= observing this lesson. teacher was trying hard to get pupils to be. involve in the activity and discussion but as 
the class was a less able class and he was having a lot Of Class cotitrol problems. Children seemed to be very rwgess and Some 
not paying attention and making a lot of noise. Teacher was trying his best to control the class. Howem, since the activity need a 
week's observation, the exercise given were on science FDM3 Skills and this become an arrange appendage of the skills) 
Observation description 
Teacher's Name: ZA 
Date: 24/2199 
Tune: 11.05-12.05 
No of pupils: 33 
Topic of lesson: Food web 
Strategr. discussion 
Approach. Guided mcpwy approach 
Setd= Class room 
Teacher started the lesson by asking questions on the previous lessom Teacher asked a pupil to write one cumple of a food chain 
on the blackboard. Then teacher told them that the day lesson is 'a continuation of food chain' that is food web'. Then teacher 
said that they would be discussing food webs on certain habitats. She continued by saying since they cannot go the habitat so she 
wanted them to imagine that they are scientists on a mission to find out the food web on the habitat assigned to them. Then 
teacher asked group leaders to come and chose the task card of the habitats. -, -, -, I 
Teacher asked them to discuss the task as soon as they get the task card. She then distributed manils cards for pupas to draw 
their food web. Teacher monitored the group working and move firain group to group Then problem arose in the lessm pupils 
cannot finish the task as they did not write the word but instead they drew the animal . So this took a long time and until the end 
of the lesson pupils did not do any discussion but still trying to finish the drawing and some were trying to colour them too. 
IM that teacher could hrm emphasised to pupils that they should use the wards instead of drawing pictures. So the lesson end 
without any discussion or pupils Presentation of conclusion. 
Obsm-ntion &-sadption 
Teachees name: DZ 
Date: 8/3/99 
T'u= 910-10.20 
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No. of pupil: 30 
Topic of lessom Conductor and hnWator 
StratW. practical activity 
Approack Guided mquvy diswArmy 
Teacher started, the lc&wa by telling pupils that the topic was stM about 'electric flow'. And that today they were going to learn a 
topic on 'conductor and hm&toe in the form of '301W. Teacher told them that they would be doing a practical activity for this 
topic, M before that teacher asked pupils some questions an the previous lesson. Teacher asked pupils 'What am the basic 
components to make up an electric circuitT Some pupils responded by saying 'batteries. wires, switches and bulbs'. Then teacher 
continued by drawing the complete electric circuit diagram on the board. Then teacher showed them that the wire was insulated 
by rubber made material. Then teacher asked. *wby is it go'? Then a pupil answered, 'to protect us from electric shock'. Tbca 
teacher continued by sayin& if we am using batteries the power is small, but if we get electric shock fiom electrical power such 
as at home die power is much bigger'. 'If they am any part of the wiTc is exposed and touch any woody surface. a fire will start'. 
Teacher continued by saying that the nibber covered the electrical win and if they change the wire with wood. what will happen 
to the bulb. A pupil answered that the 'bulb will not lighf. Then teacher asked, 'why'? A pupil answcrerl, 'there was no electric 
flow, with teacher guide. Theri teacher explained that die wood is an insulator and so is the rubber covering the wile. Then 
teacher wanted to define the meaning of insulator and conductor but told Pupils he will not tell them but wmit them to understand 
it through the activity. :--'. .Iý- 
Then teacher starW to distribute task card to each group and asked them to refer to the task card while briefing than on the 
instructions on the task card so that they would know what to do. Teacher told them he would provide all the components later. 
Then he briefed them to record thew observation on the table provided. Then teacher asked each group leader to come arid collect 
the apparatus fi-om hiiii. After distributing the apparatus, teacher once again asked fP il black-board to or UP S' attention to the 
explain again bow to make the circuit to test the material whether ifs a conductor or insulator. Then teacher instructed them to 
start work. While pupils were doing the activity teacher monitored pupils'work and helped those who could not connect the 
electric circuit. The activity took about 20 minutes. -, III ,ýý, -II" Then teacher instructed pupils to stop work and sent back all the apparatus and get ready for discussion of their results. Theii 
teacher called up a group and he wanted diem to tell the materials that were able to light up the bulb and then another group only 
an materials that were not able to light up the bulbý Then teacher asked the other groups to check whether their answers were 
similar to the groups presenting the results. Since there was no differencei tea6er continued with die explanation that those 
materials that light up the bulb an in&& up of met al. Then he continued by saying those not made up of metal c4mot light up 
the bulb. Then teacber asked one group to give answer on a question in the task card. This continues for each question and 
teacher convcted the wrong answer pupil gave and asked them to write the right answer in the task sheet. Then teacher gave the 
conclusion on the activity on the conductor and insulator, Then teacher ended the lesson by giving pupils another em-clse shmt to 
do uaW the end of the lesson. Before pupils started to answer the question. teacher again briefed them how to answer the 
questions. Then after the short eVIsnation on how to draw the complete circuit as shown on the blackboarrl and how to answer 
the questions teacher asked pupils to start the work The lesson ended here. 
Observaticia description 
Teacher's Name: AA 
Daw. 18/3199 
Tune: 12-05-1.05 
No. Of pupils: 46 
Topic of lesson: Light characteristics 
Strategy- practical activity 
Approach- Chrided mquuy approach 
Setting: classroom 
Teacher started the lesson by asking a pupil to switch on the light and asked pupils to imagine what will happen if she oo, = the 
light with a big piece of clothe, Pupils answered that the light will be covered and they cAmnot see the light. Then teacher showed 
a straw and asked them if she bend the straw can they see through the straws' hole. Then a pupil suddenly said'light travel in a 
straight line% Then teacher said. 'is it true that light travels in a straight line? * She continued saying that they are going to prove 
that light travel in a straight line in the practical activity. Then teacher hied to link this to the concept of light Erom the moon, that 
during fiX moon. they can see that the H& from the moon Then she a3k4 'is it the moon giving out the fight?, Pupils 
answered 'no, the light is from the surt and the moon reflected the light to earth'. 
After the introduction. teacher began to make groups for pupils and asked them to go to their respowive groups. Since it is in S 
classroom so she asked pupils to group thcmselves with the pupils sitting nearby so as to save time. Then she distributed the 
apparatus and material. Each group was given three hard pieces of paper of same size with holes. Teacher asked them to label the 
papers as A. B and C. Then she distributed the task shed to M& WOW. Then teacher drew the prooedure they have to do on the 
blackboard. Then a& asked them to fbllow the instruction on the task: sheeL While pupils were doing the activity, teacher moved 
around the groups to make sure that pupils were following the instructions. Then she continued telling them to carry md the 
second step Pupils were making a lot of noise during the activity. It could be seen that e%zybody wanted to try out the activity 
but the apparatus was limited, so some pupils could be seen qLuirrelling over this. Again during am activityý teacher reruindod 
them to do the second step. 
Then teacher distriluted the cxrcise sheet an dz activity and pupils were asked to disctiss their results and record it on the 
opercise sheets individually Then teacher referred pupils to the exercise sheet and asked them to answer all the questions for the 
activity A while reading it to them. Then pupils oontinued with the wort Then when she saw that pupils have finished doing 
activity A, teacher briefthem m activity B, She then referred them to the task card on activity B and read fliern to the class. Then 
pupils carried out the activity in d3w group Teacher moved around tba groups aid monitored pupils' worL 
After pupils have finished the activity. teacher asked them to discuss the result and the exercise shod in a group before the whole 
clan discussi(xL Then teacher discussed the result with them; pupils answered all the questions correctly Thm there was a 
question on applying the concept in MrYday Objects that all Pupils did not know the answer. So teacher gave them the answers 
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to the questions and explains bow the objects use the conoepL After the discussions teacher asked pupils to send back all the 
apparatus to teacher's table, 
Observation description 
TeacWs Name: BA 
Date: 31/3M 
Time: 7.45-8.45 
No. Of Pupils: 31 
Topic oflesson: Temperature 
Strateff. Practical activity 
Approach; Guided inquiry discovery 
Setting: science room 
Teacher started the lesson by asking two pupils to role-play as mother and a sick daughter. Then teacher asked the whole class 
what was the message of the act So teacher asked what instrument that need to be use to measure the temperature. Pupils 
answered as a whole class. 'thertnometee. 
Then teacher asked. 'what is the nortnal body temperature. For quite some times when there was no answer fiom the pupils, 
teacher said that before she discusses on this they would be focussing first on the day's lesson. Then teacher told the class that the 
topic of the lesson is on 'temperature. Then t- asked pupfls, 'what is temPeratm? ' Teacher tried to direct pupas to get to 
the 'rigW answer of 'what is texaperature'. Here she tried to make pupils to defme the meaning of terripentum Then tachr 
wrote the definition on the blackIxard. At this phase teacher explained the instrument to measure the temperab= Then teacher 
introduced two " thermometer clinical and laboratory thermometer. Then she explained the unit use for measuring 
temperature- She explained the nuthods to read the thermometer by using the aid of transparerwy in explaining this. Teacher 
showed Pupils the parts of the thermornew. the liquid use in the thermometer and the correct reading of temperature using the 
thermornetcr. Then she aptained the normal body temperature of human being. 
After this explanation, she told Pupils; that they would be measuring three types of different water temperature. Teacher explained 
the experiment to d3w= briefly. She also rcaihxW them the safety measure in handling thermometer and warm water. Oroup 
leaders and assistant were called up to collect the apparatus and material from her and this was done group by group, When All 
die apparatus have been distiluted, pupils were asked to label the beakers. Then pupils carry out the activity following ffie 
instruction cc the task sheet while teacher monitored pupils' wo& 
Wben all pupils have finished the activity. teacher instructed Pupils to keep all the apparatus back to the original place they 
couected them. Then teacher together with pupils discussed the results of the Practical activity as a whole class, CHere teacher 
gavc a wrong misconception of controlling die variables - teacher understanding of science procesa skills was not correct at this 
phaseý The whole of the discussion session was observed as teacher directed (leading the answer) approach for the Pupils. Then 
teacher asked pupas to make conclusion from the activity The questions given were very low level. Then teacher gave another set 
of exercise questions for pupils to do for the remainder time. The lesson ended hem 
Observation desmption 
Teacher's name: NB 
Date: 4/3)99 
Time: 11.05-12-05 
No. of pupils: 41 
Topic of lessow Mapetic material 
Strateff. Practical activity 
Approach: CmstructiViSt approach 
ScUing: Scicooe room 
As introduction teacher showed pupils pictures of two birds and picture of tree branches. Ilien teacher asked pupils, 'do you 
tilink that both birds are able to stand on these branohes? (referring to the picture) Pupils did not see at the back of the picture. 
has been pasted with a magnet and on (me of the bird has been stuck with a paper clip. So Pupils should am that only one bird 
should be able to stand on the branches. Then teacher asked pupils to predict why 'the bird, was able to $Ct stuck to the branches 
on die picture. Students give a lot of guesses and one pupil guessed correctly. 
After the introduction. teacher told the pupils that they were going to learn about materials attracted by magnet and materials that 
cannot be attracted by magnets. Teacher told pupils that she will be distributing a paper cup filed with some materials and that 
they need to share it in a pair. Then teacher started distributing the materials. Teacher asked pupils to chock the materials as she 
meritionod them out. 7ben she asked pupils to listen for instruction. Tew: her asked them to do 'prediction' on the materials 
attrwtedilot by magnets and write them down on the woAsheet provided before proceeding with the activity. Vilhile pupils were 
doing the activity; teacher monitored pupils weak mid making sure everybody was irrvolvedL ,--- 
Alta prediction and recalding of the prediction, teacher then asked their prediction and when flus has been doncý teacher 
distributed magnot for each group to test the materials and compare the result with their predictiom Then teacher discussed the 
results with pupil& Teacher asked one by one the material tested and pupils answered as a whole class Whether it is attracted by 
inagnet or not. When this has been done asked pupils to refer to the questions written on the worksheet and Liked them 
the answer (km pupils have answered them as a class, teacher asked them to write them on the worksheet. This was done 
together with pupils and folkrwing question by question, Cnus is another exazziple of teacher directedfinstructod learning). -Men 
Owe pupils finish the questions, teacher asked for attentiort and asked pupils to separate the objects attracted and not attracted by 
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magnets. Hem teacher wanted them to see the materials attracted by magnets are made of iron and those not attracted ale not 
made of iron. After explaining this. teacher directed pupils to look back at the question on this concept and asked then to write 
down the answer Here teacher tried to explain the concept of magnetic materials and non-magnetic materials. 
Then teacher distributed another worksheet and wanted them to move as group and she wanted them to look for five objects that 
are attracted by magnet and five not attracted by magnet in the science room. Then teacher asked theni, to start moving and carry 
out the adivity and record them in the worksheet, provided. After this activity. teacher asked again pupas to represent their 
results. Then teacher tried to clarity with pupils the concept of magnetic material and material made of iron as magnetic materials 
as a conclusion. Teaclicr asked pupils to complete their answers, then continued with the other worksheet and this was done 
together with pupils to answer the questions. Then teacher asked pupas those who have finish completing the worksheet to send 
in the materials. The lesson ended here. 
Observation description, 
Teacher's narne: NU 
Date: 15/3/99 
Time: 9.45-10.45 
No. of pupils: 31 
Topic of lesson: Conductor mid insulator 
Stratew. Practical activity 
Approach: Guided inquiry approach 
Setting: science room 
Teacher started do lesson by explauung to pupil the mearung of controlling variables -*oonstane, 'responsive', and 
, manipulative'. Then she continued with explaining the meaning of 'hypothesis' and how to make a 'hypothesis'. Hem, it can be 
seen teacher found difficulty in explaining to pupil to formulate a 'hypothesis'. Teacher give an example first of a hypothesis and 
then change it to a different one when she found it not suitable and at this instant it can be seen that pupas were confuse& it was 
seen that she wanted to use a gencral'hypothesis'. which only confused her Pupils. Her example of the hypothesis was; * the 
more effective the teaching of a teacher, the cleverer the pupils'. Once she saw that pupils were conftisedý &be changed it to a 
different hypothesis, which also seemed not really understood by pupils. After. explaining these, teacher explained that they were 
going to identify the materials which are 'insulator* and which are 'conductor'. Then teacher asked each group to formulate their 
hypothesis. Then teacher instructed them what thcy should do in the experiment and then distributed the task sheeL 
Then teacher distributed apparatus and materW& As the apparatus are limited, teacher made the number of group smaller and 
am the number of pupils become bigger in a group. When 0 has been ready teacher instructed pupils to make prediction first 
before testing the materials while monitoring pupils during the activity. Then after 10-15 minutes pupils finished their work, 
teacher instructed them to keep and wash all the apparatus and clean their table. After all the groups have finished cleaning up. 
teacher instructed pupils to discuss in their group, 'what inference can be made in the activity'. Then teacher instrucW them to 
answer all the questions in the task sheet. Then she asked them to write down the variables and make conclusion of the activity 
on the task sheet. 
After the pupils finished disaming the questions on the tELsk sheet, teacher asked them to get ready for the presentatiorL Then 
teacher called up a group to present their result Others were asked to listen to the presentation. A representative said that their 
hypothesis was 'If there is Do electric. the bulb will not light up'. Their inf: rence was 'the bulb win light up when there is an 
electric flow'. Then he presented their variables; constant - battery and paper. manipulated-materials, responsive-bulb. Then their 
conclusion was 'the bulb would not light up when there was no electric flow. (Here it ran be seen pupils Misconception of the 
whole activity). After the presentation, teacher asked whether anybody has any question and is there any mistake in the group 
result. Since no responses from the pupils, teacher asked another group to present their results. Then another group MPM-. Mtadve 
was called up. A girl came out and presented her result Her hypothesis was-, 'if switch is on, the bulb will light'. Here, teacher 
immediately asked the class is it corrcctý then they said it's wrong and she told them that is the observations, but teacher at this 
point did not correct the 'hypothesis' but asked the girl to continue with the next questions. Her inference, was; 'the bulb light up 
because it is attached to metallic material '. Then she continued with all the other answers, which were all wrong on the 
controlling variable and conclusion. Then teacher said that since time was not enough and not all groups would be able to present 
so she told thern that she would now make conclusion for the lessom Then teacher asked Pupils to 80 through With her the task 
sheeL Firstlyý she asked them what were they U*g to investigate. A boy said. 'materials that can make electric flow and those 
that can't'. Then she said that some of the hypotheses given were right and some were wrong. Then she asked a group to make a 
, hypothesis'. A boy answeredý 'if them is electric flow. the bulb will light up'. Then teacher said that this is A Correct hypothesis. 
Then teacher went through all the materials, whether they light up the bulb or noL At this point, teacher asked them to correct 
their wrong answers. But there are Certain material that should light up the bulb but did not and this happened to all the groups, 
so teacher told them they should see the bulb light up because all these materials able to let electric curma to flow through it 
(water, lime water, salt water, vinegar. say sauce) Then teacher asked them why is it that it did not light up the bulbs, pupils 
seemed to respond by saying; 'maybe the bameries were week or the materials were exposed too long). So teacher explamed that 
all these materials should be able to light up the bulb. Then teacher asked them the inference; pupils answered that the light will 
light up if there is an electric flow. Then she continued with die variables; she asked them what is the constant; pupils rtsporkw 
by saying batteries, paper clipi wire, bulb, batteries holder. Then teacher said those that they use the same all the time in the 
activity would be a constant. Then she asked for manipulative variables; then she told them the types of materials use, Then the 
responsive variable is the lighted bulb. Then the qxmtions on classification of the conductor and insulator materials form the 
activity. Then she asked pupils to give the conclusion. A boy said that the bulb will not light if there is no cloctrio flow, am 
teacher asked another pupil, he responded by saying all the materials made of metal will light up the bulb. Then teacher asked 
what about the liquid. Then teacher told him all these are conductors, so she helped him by saying all conductors am able to light 
up the bulb Than she asked another boy. He said, 'the bulb will not light up if there is no electric flow'. Another boy concluded, 
, the bulb will not light up if it is Connected with an insulator. I-lere teacher did not give feedback to his answers and just told the 
class the lesson ended them 
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Obsemuon descnption 
Teacbees Name: SS 
Date. 16/3/99 
Tune: 1105-1.05 
Topic of lesson: Plants and animals need air 
Strategy- Practical activity 
Approach: Ottidod inquiry approach 
Settiw. Science 
Teacher started the lesson by asking pupils to close their nose with their hands and then asked them how do they feel. Then 
pupils answered they cannot breath. But teacher c43nfinuad asking some individuals the same question. Then teacber asked when 
they close their Dose what cannot enter through Weir nose and pupils said 'aie. Then teacher convaed this by saying oxygen. 
Then teacher continued by saying 1hurnan being breath air that contains oxygen. He continued by saying all living things need 
oxygen or air to live. Then he told pupils that last week they have learnt about the basic need of living things. JIe recalled the 
experiment they did on planting seed to look at the need of water to live- Then teacher told the class that today they are going to 
see whether plants need air to live. 
Then teacher explained about the practical procedure that they were going to do. Since there are not enough appamtus, teacher re- 
group pupils to make a smaller nurnber of grotips. Teacher distributed two plastic glasses for each group to label as A and B 
filled with seeds. Teacher instructed them to do this first. Then teacher asked one pupil in each group to take glass B and add 
some pipe water in the glass and add some cooled boiled water into glass A. (this is done step by step with the pupils-odirected 
instruction). Then, teacher asked them again what is in glass A. Then teacher asked them to pour some cooking oil to glass A. 
(oil has already been prepared in xyringesý Then teacher asked them to Observe glass A. Pupils said that there is a layer of oil in 
glass A. Then teacher instructed everybody to sit at their places. 
Then, teacher reminded pupils again that they have ordinary water in glass B and cooled boil water in glass A. Then. he asked 
the class to predict what will happened to the seeds in glass A and glass B. Pupils responded by saying. 'the see& in A will not 
germinate and seeds in B win germinate'. Then teacher askecl, 'why is this so? Pupils said that the layer of oil would stop air 
from getting into the water. Then teacher asked what did the oil do. Pupils said that the oil stop the oxygen from coming in the 
water. Then teacher explained that the boiled water and the oil stop the oxygen from entering the water and that plants need 
oxygen to live. (hem teacher gave a wrong misconception of the boiled water not permitting the air to get into the water and not 
that oxygen in the boiled water has been removed. ) 
After the explanation, teacher distributed exercise sheet for them to do. Teacher instructed them to read the exercise questions 
first. He asked a pupil to read the question to the whole class. He read again the question and asked them to make a 'hypothesis'. 
Then a bay shouted to the teacher 'what is hypothesis'. But teacher ignored the question and asked them to do a hypothesis. Then 
teacher said to refer to the activity they have done and try to fink it with the question. After some time pupils said they pamot do 
the bypothesis- Then teacher told them it was OkRY since they have just heard the term. He insisted bY asking pupils who are able 
to make a hypothesis. Then teacher said they know that seeds will germinate when there is oxygen. He asked them to link the 
germination with the factor of oxygen. Teacher asked pupils, 'what are other factors that need to help gemination of seed-. Then 
teacher asked them to recall the previous activity they did. Then pupils responded by saying 'water, sunlight. chlorophyll and 
carbon dioxide'. Then teaclxr guided pupils to make the hypothesis by helping theni with the statement. But pupils do not seem 
able to make the hypothesis. Then teacher said the hypothesis is 'the more water. oxygen and sunlight the seeds get the more able 
the seeds would germinate,. Then teacher continued with the next question and asking pupils what wem their answers and 
teacher guided pupils to answer all the questions during this session. Then teacher asked them to make a conclusion fi-om the 
disctissed experiment fi-orn the exercise sheet. (From this activity, the teacher has already given die result of the practical activity 
they didL Teacher should have not make the conclusion but to do it later after the experiment has been kept for a few days and 
come back to discuss it again) i- 
After the above activity, teacher asked pupils to look at another activity. Teacher has prepared two glasses of water with 
mosquitoes fame and he labelled them for pupils as glass A and B. Then teacher instrUCted Pupils to add in oil to glass A. Then 
some pupils shouted the larvae died. But teacher still asked to predict what will happened to lame in glass A. But pupils 
shouted the larvae Juts died once they put in the oil. (what actually happened was pupils push in the oil from the syringe too fast 
that it hits the larvae, teacher could have: instructed them to put in the oil slowly) . Here, at this moment teacher did not asked 
them what has happened but instead go ori distributing another task sheet of the activity on the larvae. (Me teacher has difficulty 
in disciplining this less able class). Then teacher asked pupils to refer to the task sheeL Teacher discussed the questions on the 
task sheet together with the pupilL Hem it could be seen teacher guided the pupils to answer the clLiestion. Hem again teacher 
shouldn't have asked pupils to make the conclusion yet as they are asked to predict their activity on the animals (larvae) which 
they have to keep for a few days. But here again teacher asked pupils to give conclusion. Then after this discussion teacher ga%v 
another exercise sheet as bomewo& The lesson ended hem 
observation description 
Teacher's name: ZA 
Date: 3/199 
'rune: 11.10-12.10 
No. of pupils: 31 
Topic of lesson: Heating elements 
StrateST. discussion 
Approach: Guided inquiry approach 
Setting: clawoom 
Teacher started the lesson by asking pupils to recall the Previous lesson on the heating elements mid then teacher asked what 
apparatus use heating elements. Pupils answered as a class, electric kettle, inA hair-drier. Then teacher showed a kettle in fimt 
of the claw 11, ere teacher was " to ask pupils where do the beat come fivm Then teacher asked a pupil to look into the kettle 
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"see what is in the kettle. Then pupils said'coil'. then teacher corrected this immediately by saying the'heating clemene and 
then she continued by asking where do the beating element gets it heat then pupils shouted -from the electric current'. 
Then teacher said that today they are going to do an activity. Then she instructed pupils to refer to their science textbook (She was 
me of the two teachers using textbook for the pictures they have on the textbook) and to refer to certain page. There is an 'activity 
71 in the textboolL lien teacher instructed pupils to mad the 'activity 7' and what they should do. Then teacher asked whether 
they understand the instruction and pupils said they understood. However teacher still briefed them what they should do. Teacher 
said that theyshoi 11d record their observation in a table form. Then teacher said that she would show them the format of table they 
Deed to do on the board. Then she told them she would be distributing large piece of paper for pupils to record their observations. 
She told thern to identify what are the apparatus in the kitclien as shown in the picture in die textbook using heating elements and 
those do not. 
Teacher asked each group leader to get the paper and a meter rule (to draw the table on the paper provided). Teacher drew the 
table on the board. Then teacher instructed the pupils to copy the table as an the board and write down all the pictures of electric 
applianoes as seen on the tcxtbooL Pupils am asked to discuss this in group and tick appliances that use beating element in the 
table- Then teacher said those who finish their work faster would get bonus mark (to give pupils incentives and to motivate pupils 
for competition. spirit) VVhile pupils were dismissing. teacher moved around the groups to morutor pupils work. After 20 muraftes, 
one group managed to finish and put up their result on the board. After all groups have finished the work every group put up all 
the result on the board. Jim teacher said that they vAndd check the group presentation. And each group was given marks on the 
appliances pupils identified as electric appliances. Then teacher checked the result for each group the appliances using the 
beating elements and different marks are given for this. , -ý I- .11, , -- . .,. ý, Then after checking pupils' answer% teacher corrected pupils' answer of a blender using the heat element. Teacher explained that 
the food when blend give out some beat but it is not the heating elements. Then she explained that a reffigerator and blender do 
not use heating elements. Then teacher announced the group with the most marks. Then teacher said that the conclusion is that all 
apparatus with beating element will give out best. Then teacher said that the effect of heat in the apparatus is important for their 
life. And then teacher gave examples of rice cooker using the heat to cook the rim The lesson ended here. 
Observation description 
Teaches name: DZ 
Date: 22/2/99 
Tune- 9.15-10.15 
No. of pupils: 36 
Topic of lesson: Changes of electric energy 
strategy. practical activity 
Approach. guided inquizy discovery 
Teacher started the Iessort by telling them the topic of the day's lessoiL Then teacher said that he wanted them to recall the last 
week topic on sources of electric. He asked pupils to give examples of the sources of electric. Then Pupils' responses included 
batteries, generators, and accumulators. Then teacher asked anything else, when pupils did not response teacher added some 
more of the examples. He then explained that these sources of electric provide electric current. Then teacher explained that the 
electric current is use to work the electric applianom Then teach said that the electric appliances would change the electric 
energy to change their function. Then teacher asked examples for uses of batteries. Then pupils said, 'in torchlight% then teacher 
exptained the changes of electric energy in the batteries through questioning pupils the changes of energy in the torr-blight. 
Then teacher said that he would let them do a practical activity to see the changes of electric energy. Then teacher distributed the 
task sheet and called up group leaden to collect the apparatus and materials. Than teacher instructed Pupils to listen tc, his 
instruction on the practical activity. He explained to pupils what they should do for practical activity I and 2, while pupils 
refaring to die task sheeL Then pupils are instructed to carry out activity I and 2.3. Teacher monitored pupils' work by going 
round the group and checking pupils' activity. During the activity, it seemed that teacher have to do all the connecting of the 
electric circuit for each group. Then for activity 2 where pupils should make coils from the copper wire was also done by teacher 
for all the groups. It showed that pupils do not have good manipulative skills and needed help from teacher. While helping pupas 
with the acuvt% teacher reminded pupils to write down their observation on the task sheeL Then when the pupils seemed to have 
finished the activity teacher asked them to dismantle the apparatus and send them back to teacher's table. He wanted them to 
check their result and asked a group to read thew answers for the class. Every group had the same answers. He continued asking 
the qjestions on the task shed for the discussion of the resulL Here teacher continued with a question not given in the task sheet 
since he was trying to bring pupils to the concept of changes of the electric energy to heat energy. Teacher gave explanation to 
pupils on the changes of electric energy. Then teacher referred them to activity 2 and asked what result did they SeL Each group 
was asked of the result they obtained. Teacher explained the different results obtained. Then teacher continued with The 
discussion of activity 3. Then asked a group to give their msulL Them, teacher again did the explanation fbr the changes of energy 
in the activity 3. Then teacher said he wanted to discuss how to apply ihis concept in the everyday um Here teacher explained 
about the electrical appliances at home. Teacher explained of the function of electric appliances and the changes of energy and the 
use of it in everyday life. Then teacher asked if they have any questions. Since diere was no questions from the pupils6 teacher 
distributed cxermse sheet for pupils to do. Teacher explained briefly that the questions on the exercise sheet are based on ilia 
practical activity they have done and asked them to answer the questions and the lesson ended there- 
Observation description 
Teacher's Name: JZ 
Date: 19/3199 
Time- 11.05-12.05 
No. Of pupils: 35 
Topic of lessons: Mownent of animals 
Strate@r &scussion 
Approach: guided inquiry approach 
ScabW Science mom 
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Teacher started die lesson by asking pupils a question. 'How can I move fi-ont where I stand hem to the door? 'Pupils responded 
by saying. walking. rurminst crawling. Then she said all these are called movements. Teacher called up a pupil to role-play 
movements of anirrol and the others guess the movements acted out. She explained that anirnal have diffixent types of 
movements and that today they are going to learn the different " of ani-I movements. She then distributed a copy otpicture 
of different types of -nhm to each group. Then t- told thent their task was to classify the picture of the animals according 
to their types of movements and paste it on the drawing paper provided by teacher. Thezi teacher instructed them to do it in a 
group. She briefed them what they need to write on the drawing paper and show them how to do the classification on the drawing 
paper- 
As pupils were doing their work. teacher moratored pupils' work and move round thý groups to make sure everybody was 
involved in the activity. Then teacher found a group that did not do the activity. This was all boys group. it can be seen there was 
no co-operation in the group, as only two pupils were trying to do but seemed do not know what they should do. When it was time 
to finish the work teacher found out that this group could not manage to firush their work. Then teacher asked pupils to stop work 
either they have finish or not. She called up all group leaders and presented their group's product to the whole class. Then teacher. 
went through each group outcome. Here teacher do the explanation of each group not the group leader (this Shows teacher 
authoritative attitude) She did all the explanation and giving marks for each group. 
After this has been dMC teacher iD3trUQW pUpil3 to look at the blackboard as she is writing on it a concept of the types of 
movements of animals as a conclusion for the lesson. While explaining she asked the examples of animals of each type according 
to movement She continued explaining the physical characteristics of -qn; -Rls with certain movements. At this phase teacher 
gave all the information to pupils and it is a one way appmach. 
Finally after this phase, teacher asked pupils to copy the notes ori the blackboard into their notebook. After that she distributed 
pupils' workbook and instructed thm to do some exercises on certain, pages. Then after this, she asked everybody to stand up and 
said that she will asked pupils to give examples of ani-13 as she said the types of movements. Those who answered correctly 
can sit down. Then teacher asked what conclusion could be made fim the les-M But before pupils can answer teacher give the 
c4onclusion instead (here is another event which teacher showed authoritative attitude). 
Observatioa descriptim 
Teacher's Name: SH 
Date. 17/3/99 
runt- 1100-1.00 
No of pupils: 38 
Topic of lessm Tw4mature 
Stratesr. Practical activity 
Approacir Guided kqiiry approach 
Teacher started the lesson by saying that they will be learning new lesson. But before that she said she wants two pupils to act a 
some but they do not have to say anything. Then two pupils came out and acted a scene in a clinic, where a doctor was treating a 
patienL Other children were asked to watch the act and later asked the pupils what was the act about. Then teacher asked what 
did the doctor used. Pupils responded by saying. a thermometer and a stethoscope Then teacher asked what is the use of 
thermometer A pupil answered, to measure the body temperatum She explained that the topic of the day lesson is on 
temperature. Then teacher asked is there anybody who have not Been thermometers bid all pupils said they have seen it before. 
Teacher continued by explaining the " of thermometer and the physical Structure of thermometer. Then she told them that they 
have to know the parts of thermometer because them would be exercise on this later. Then she continued telling them the part of 
the thermometer and the liquid mercury in the thermometer. After explaining the parts she asked pupils to say out the parts as a 
clam Then she explained how to read the thermometer. Teacher used a transparency for Us purpose. After the explanatior4 
teacher asked pupils to make six groups and started distrilKiting the task shad to everyone. Then teacher distributed 2 types of 
thermometer to each group while reininding them to take care of the thennorneter. Then teacher asked pupils to refer to the task 
shed and read it together widt the pupils. Teacher explained briefly what they should do in the practical activity. Mien pupas 
started the activity. At this instant teacher distributed a large sheet of paper for each group to record their observation. 
During the activity, it can be sew pupils have difficulty in reading the clinical damometer and so does the teacher OU teacher 
asked me for help in reading the clinical thermometer and I helped her). Then she teaches the pupils to mad the clinical 
tf, nnoni, ur Then she instructed pupils to go to their respective seats as the notse become unbearable. Some pupils said they 
cannot we the reading but teacher said if they have time, they would do that again. The next activity teacher inztructed the leader 
to get the warm water firom ft back of the class. Then she instructed pupils to put in the thermometer and record their reading. 
During the activity tea monitored pupils work. Then she instructed them to throw away the warm water and replace it with 
cold water and then instructed them to put in the thermometer and record the reading. (It seemed that teacher instructed the 
activity step by step with the pupilsý After they have finish the activity teacher instructed pupils to keep back thermometer to 
their places. 
Then teacher discussed die result with the pupils after all the leaders have put up thew results on the boar& Then teacher 
explained the normal body tanperatum Then teacher compared the result of the warm and cold water from each group. She 
asked which group has die highest temperature for the warm water and which group W die lowest temperatum Then she 
explained the reasons of the diffemnee of temperatum Then teacher went through the questions in the task sheet together with the 
pupils. She dictated the answer for the pupas to write in the task sheet There is a question on hypothesis which teacher asked the 
pupils. A pupil gives an answer but guided by the teacher. She told other pupils to write as she dictated the answer. 
IFinally teacher asked pupils to make a conclusion of a lesson. A pupil hied to give his conclusion and teacher helped him to 
rnake the correct sentence for the conclusion. Teacher dicuted again so that others able to write it down on the task sbeet. Finally 
tmcb give another exercise sheet 63r pupas to do for the remainder time of the lesson. -- -, - ý' 
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APPENDIX 11 Translation of the syllabus of the Primary Science Curriculum 
introduction 
As a nation that is moving towards the status of developed nation, Malaysia has to establish a scientific 
and progressive society, a society that has the high ability to chiiige, and forward looking and the 
contributors to the scientific and technological civilisation of the future. . -ý 
To fiffi this aspiration, we have to produce creative and competent citizens that practice the scientific 
and technological culture. The citizens with the scientific and technological culture will exhibit the 
characteristics such as curiosity and the drive to try, science literate, open-mindednessý making decision 
based on real flicts and appreciate the contribution of science and technology. These kinds of ci&= 
will only be produced if an early exposure to science and technology is given. 
In general, science is view as a field of knowledge and as an inquiry method and problem solving. 
As a field of knowledge, science provides a frame of concepts that enable children to understand their 
surrounding. The science knowledge will be more meaningful to children if they aie help to connect the 
facts and the concepts, making generalisation and to relate the new learning with the prior knowledge. 
This will enable them to understand the situation and the new information. 
As inquiry method and problem solving, science will be able to develop the skills to study their 
surrounding and besides that they will gained knowledge. Inquiryas'scientific process will need and 
enable children to develop their positive attitude. Science learning will encourage their curiosity, 
creativity, open-mindedness, perseverance, caring for the living things and appreciating the 
environment. 
Science in the primary school enables pupils to learn about themselves andtheir environment through 
experience and investigation. 
This science curriculum is legislated for the Phase H of primary science, the Year 4,5 and 6. Emphasis 
is given to leaming through experience and relevant to their everyday life, inquiry approach, 
development of the science process skills and thinking skills, investigation and problem solving, 
application of scientific principals and instilling of the scientific values and noble values. 
Aim and Objectives 
primary science education is aim to produce knowledgeable and skill-full mankind to develop scientific 
and technological cultured society, caring, dynamic and progressive to be more responsible towards the 
environment and admire the creation of nature. 
The aims of primary science education is achieved by giving the opportunity for pupils to learn 
through experience to: 
develop thinkingskills to increase intellectual capability; 
develop scientific skills in an inýg manner, ' 
increase interest towards the environment; ' 
gain knowledge and understanding of the scientific concepts and &Cts in order to understand 
themselves and their environment; 
develop the ability to solve problems and make responsible decisions; 
increase their ability to cope with the latest contributions an d innovations in science and 
technology, 
practice good moral values and scientific attitudes in every day life; 
appreciate the contributions of science and technology for the welfare of our life; 
appreciate the arrangement and orderliness of nature 
Scienfific SIdIls 
This science curriculum focuses on the mastery of scientific skills, that is needed to investigate and 
understand nature. In this curriculum, the scientific sIdUs consist of the science process sIdUs and 
manipulative sIdUs. 
The science process skills enable pupils to question something and find the answer systernafically. 
1jese process sigs are made up from easy to complex skills. 
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In the Primary Science Curriculum, the science process sIdUs, to be developed is listed as below: 
Observation Using sight, hearing, touch, feel and smell to collect information about 
object and phenomenon. 
Classification Group objects based on similar characteristic 
Measuring and using Making observation quantitatively using instruments with the standard 
numbers units. Measuring will make the observation become more precise. The 
ability of using numbers is important in acquiring the measuring skill. 
Making inference Making initial conclusion to explain an event or object based on 
observation. The initial conclusion maybe right or wrong. 
Prediction Making assumption about an event base on previous observation or 
data that is believed to be true. 
Communication Present ideas in various formats such as verbal, writing, graph, charts, 
model or tables. 
Using space and To explain location, direction, forms and size of an object and it 
lime relationship changes according to time 
Interpret information Give rational explanation about objects, events or patterns from the 
collected information 
Define operationally To give definition about a concept by stating the things 
that need to be done and observe 
controlling vari les In an investigation, a variable is manipulated to observe the relationship 
with other variables. At the same time, other variable is made constant. 
Making hypothesis A general statement that is thouglit as true to explains something or an 
I event. This statement needs to 
be tested to prove its validity. 
The m2nipulative skiUs are the psychornotor skills in the science investigation to enable pupils to- 
use and handle science equipment and material correctly , 1, ,;, keep science equipment and material correctly and safely, ', 
clean science equipment correctly 
handle living and non-living specimens correctly and carefully 
draw specimens, material and equipment precisely 
77iinking Skills 
Thinking is a mental process that needs the interaction between knowledge; skills and attitude to enable 
individuals to understand and manipulate nature. The thinking skills can be group into creative and 
critical thinking. A person that thinks critically always evaluates an idea systematically before accepting 
A person that thinks creatively has a high imagination ability and use several of approaches to solve 
problems and able to produce original ideas. The science process skills are a mental process that 
encourages critical, creative, analytical and systematic thinking. Mastering of science process skills 
together with attitude and suitable knowledge guaranteed pupils ability to think effectively. 
Attitude and Values 
The experience in learning science is able to instil the positive attitude and values in pupa. Ile positive 
attitude and values in learning science in primary school include the scientific skills and noble values as 
follows: - 
" interest and curious to know about the environment 
" honest and accurate in recording and validating data 
" flmable and open-minded 
" perseverance in carrying out tasks 
" systematic and confident 
" co-operation 
responsible on self safL-ty and colleagues as well as environment 
caring 
appreciating science and technology contributions 
grateful on God's given things 
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appreciating and practising the clean and healthy lifestyle 
aware that science is one of the way to understand nature 
Invesfigation Field 
thei 
,r 
environment through five This science curriculum gives the opportunity for pupils to investigate 
Investigation Field: - 
Investigating the Ilving World 
Investigating the Physical World 
Investigating the Material World 
Investigating Earth and the Universe 
investigating Technological World 
Investigating the LiWng World 
Through this Investigation field, pupils will have opportunity to develop their knowledge and scientific 
skills and noble values about the living world. Pupils are given opportunity to increase knowledge 
about various living thing in nature and understand that mankind has speciality that differentiate them 
from other living things. 
Pupils will investigate about the basic needs and life processes of mankind, animal and plants. Besides 
that, pupils will also investigate the interaction between living things and effect of human activities on 
other living things together with the attempt to cultivate and conserve. 
Invesligaling the Physical World 
Through this investigation field, pupils will have the opportunity to develop their knowledge and 
scientific skills and noble values about the physical world. Pupils are given the opportunity to upgrade 
their understanding about the space and time concepts qualitatively and quantitatively. 
Pupils will also investigate natural phenomena such as fights, sound, heat, movement, electric, magnet 
and energy. 
Investigating the Material World 
Through this investigation field, pupils will have the opportunity to develop their knowledge and 
scientific skills and noble values about the material world. Pupils will be given the opportunity to 
investigate the properties of the natural material and man-made material. Pupas will be able to use the 
knowledge on the properties of material and relate it to the everyday use of the material safely. Pupas 
will also have the opportunity in experiencing how to conserve the material. 
Investigating Earth and the Universe 
Through this investigation field, pupils will have the opportunity to develop their knowledge and 
scientific skills and noble values about the earth and the universe. Pupils are given the opportunity to 
investigate about earth and its relationship with the Moon, Sun and other planets in the solar system 
Besides that pupils will have the opportunity to be thankful on the beauty of the universe. 
Investigafing Technokgical World 
Through this investigation field, pupils will have the opportunity to develop their knowledge and 
scientific skills and noble values about the technological world. Pupils are given the opportunity to 
investigate the history of technology development and the present technologies use in the agriculture, 
communication, transport and building. Opportunity is also given to increase pupils' creativity through 
activities where pupils create a technology using the science principals that have been learnt. Other 
than that, pupils are given the awareness on the contributions of technology to the welfare of mankind. 
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Teaching and lAarning Stmtegies 
The teaching and learning strategies suggested in the primary school science subject is based on 
learning through experience that gives priority to the inquiry approacb. Inquiry generally means finding 
infor=tion, questioning and investigating a phenomenon happening in the surrounding. 
Discovery is the main attribute of inquiry. Leaming through discovery happens when the main concept 
and principle investigated and found by the pupils themselves. However, for the primary level, pupils 
need guidance in firiding a concept and principle. Thus, the effective approach is through guided 
discovery. This means teachers guide pupils in discovering a concept and principle through discussion, 
question or problem solving. 
However, it should be remembered that the inquiry approach is not suitable to be use in all teaching 
and learning situation. Some concepts and principle are suitable to be exposed directly by teachers. 
Various methods can be carried out by teachers to teach and guide pupils to gain knowledge, master 
the scientific skills and practice the noble values in learning science so that they will be more critical, 
analytical and responsible. The suggested methods include experimenting, disaassion, simulation and 
project. 
Experimenting Testing hypothesis through investigation. Involve pupils to control 
variable and involve science process skills and manipulative skills 
Discussion Pupils' questions and present opinions based on poof and valid 
reasons and have open mind to receive opinions of others. 
Simulation The activity carried out is similar to the real situation. Three main 
examples of simulations are role-play, games and usage of models. In 
role-play, pupils will act, a role spontaneously base on a few rules 
stated. Games will have rules that need to be followed. Pupils play to 
learn some principle or to understand the process of making decisions. 
Models can be used to represent the object or real situation. Pupils' 
ability to imagine the situation will help them understand the concept 
and principle learned. 
Project Activity carried out by individuals or groups of pupils to achieved an 
objective and it takes a long time and sometimes it extends over the 
fbrmal learning session. 
Evaluation 
Evaluation must be carried out continuously to find out how far pupils are able to achieve the stated 
objective. This can be done through observation, verbal or written. Teachers are to arrange and plan 
the next action and thus must use information from evaluation. The next action is aim to overcome 
pupils weaknesses and strengthen pupils learning. 
Teachers must record pupils' achievement and keep the evaluation information for every' pupil 
systematically so that pupil's progress will be followed. The product of evaluation must be reported to 
pupils, parents and other party according to needs and suitability. Feedback from the evaluation by the 
teachers is important as a guide to the success ofthe implementation of this program. _ ,- Three aspects that need to be evaluated in the teaching and learning of Primary Science Curriculum 
are: 
Knowledge 
The knowledge aspect that need to be evaluated is the pupils' mastery of facts, concepts, principle at 
all cognitive level that is knowing, understaridiýg, applicafioný analysing and syriffiesis. 
Skills 
The skills aspect that need to be evaluated is pupils' mastery of the scientific skills that is the science 
process skills and manipulative skills, thinking skills, the creative and critical skills to test pupas ability 
in problem solving and making decision- 
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Attitude and Values 
Scientific attitudes and noble values that can be evaluated are pupils practice and interrialisation of 
accuracy, perseverance, co-operation, responsible, caring, systematic, appreciating and grateful 
attitude, corifidence, cleanliness and safety. 
Several techniques ran be used to evaluate knowledge, skUls and attitudes and values. A few evaluation 
techniques identified include. - 
Multiple choice questions 
Completing sentences 
Short answer questions 
Essay questions 
Formal or informal observations 
Practical exams 
Even though all the stated techniques can be used to evaluate knowledge, skills, attitudes and values, 
certain techniques are the most suitable to evaluate certain aspects. 
The following table gives the suitable technique to evaluate the knowledge, skills and values aspects: 
7", 
%lultipie Choice 
question 
Completing sentences 
Short answers 
questions 
Essays questions 
Observations 
Practical Test 
Organisation of content 
Science knowledge, scientific skills, scientific attitudes and noble values that are included in this 
curriculum is stated in the forin of Objectives to be achieved and Suggestion of learning experience 
The objectives to be achieved is divided into the General Objectives and Specific Objectives 
The general objective uses the adverb to explain the intended pupils' achievement from the aspects of 
cognitive, affective and psychomotor, including the scope of the Investigation field. 
The specific objective is giving details of the general objectives. It is written in the form of pupils' 
behaviours that is able to be monitor and evaluate. The specific objective gives the depth of the 
investigation Field. 
The objective to be achieved legislated for every Investigation Field is distributed to Year 4,5 and 6 
based on pupils cognitive development. 
Suggestion of Learning Experience given is to help teachers plan activities that need to be carried out 
to achieve the Specific Objectives concerned. All planned activities must move towards the 
development of pupils' scientific skills and thinking skills. 
The statements written under the Suggestion of Learning Experience is the activity using the science 
proctw skills. The word investigafions sometimes use to show the activity from collecting information 
to making conclusion. The easiest investigation activity involves the process skills of observation and 
making inference. In the higher level, the investigation activity involves a few process skills that lead to 
the making of inference. Experimenting is the highest level of investigation activity. 
Before making any planned activity, pupils need to be given early preparation such as collecting 
information from several sources. 
Teachers may modified the Suggestions of Learning Experience suggested suitable with pupils ability 
and their surrounding. 
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THE PRIMARY SCIENCE CURRICULUM YEAR 4 
investigating 
T TARWr. woRT. T) 
OBJECTIVE TO BE ACH(EVED 
GENERAL I SPECIFIC OBJECTIVE 
I Xnaw the C)dstmcc of 
variety of living diings ia 
natum 
2. Understand that 
physical attridbute aid 
char-actcristics of plants 
and anbmals can be used 
to clasý living things 
1.1 identify the variety of living things existing 
in nature 
11 Name the variety of living things =stmg 
in nature 
2.1 Identify the physical attributes that can be 
seen on lirkintal 
2.2Differentiateanimal aocordingtothe 
identified physical attributes 
2.3 Give examples of andbutes that can 
differeatiate animA 
2.4 Identify the physical attributes that can be 
seen on plants 
2.5 Diffi=nfiate plants according to the 
identified physical attributes 
2.6 Give examples of attributes that can 
differentiate plants 
3. Undm3tud that 
animal and plants havc 
basic need to live 
4. Understand that 
human bein& ani-I 
and plants go through a 
number of P=c&sa to 
live. 
3.1 Explain the basio need for amirml and 
plants to live 
4.1 Explain the ways of breathing for human 
being. anirml and plants. 
4.2 Generalise that aniTnRI eatdifferenttypeof 
food. 
4.3 Explain the growth process of seedling 
fiwm the height aspect; increase number of 
leaves and girth of the stem. 
4.4 Making inference that hinmn beings and 
animal gotbroughexcretionanddisposethe 
unwanted material to keep good health 
4.5 Stating that anirnal breed by laying eggs or 
giving birth. 
4.6 Give examples of anirnal that lay eggs and 
give birth I:, 
4.7 Stating that plants reproduce through 
seedlings, SpOMS, 3t=S Or leaves 
4.8 Exptaining the various Ways of jonimal 
movcmcnt 
4.9 Stating the aim of Animal mowments 
4.10 Explaining the various ways plants 
response toward stimulation. 
4.11 Explaining the special attnlxda on certain 
animals and plants to protect them from 
enemies and weadxr 
SUGGESTION OF LEARNING 
EXPERIENCE 
Collecting and naming variety of animal 
and plants existing in the school 
surrourmling. home and nature 
the physical amtutcs available 
on animals 
Classifying sknirnals according to their 
physical attributes such as hairs, scales. 
legs, wings and shells 
Classi4ing animal according to attributes 
such as laying eggs, giving birtk live on 
lands. live in water and eating habits 
through discussion 
Observing die physical attributes available 
on plants 
Classi6ing plants according to their 
cbaracteristics; such as giving out wods or 
spores live on land and live in water. 
Canying out experiment to determine the 
basic need of plants such as water. sualight 
and air. 
Observing Animals habits and make 
inference an their basic needs 
Observe the ways human. fish and insects 
breathe. 
Observe leaves immem in luka warm water 
and make an fiArenoe on the process. 
Classify animals according to typa of food 
eaten using picture cards. 
Plant, obsem and record the growth of 
seodings. '-' '- 
Discuss the affect of health ifthe unwanted 
material in the body is not excretedL 
Recording and arranging information about 
anirnal breading by laying eggs or giving 
birth through scrap books and cliarts 
Recording and arranging information about 
plants drough scrap books or charts 
Carrying out project on animals and plants 
breeding. 
Carrying out simulation on the various ways 
ani-I move such as walking. crawling. 
ruaning, flying, jumping and etc. 
Carrying out discussion about several aims 
of animal inowments. 
Carr3 ying out experiment to investigate 
plaixts responses towards sunlight, water and 
touch 
Recording and arranging Wormtion about 
the special attributes onan"al andplants 
to protect them fiun enemies and weather 
through scrapbook and charts. 
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OBJECTIVE TO BE ACHIEVED 
GENERAL SPECIFIC OBJECTIVE SUGGESTION OF LEARNING 
OBJECTWE EXPERIENCE 
1. Understand that 1.1 Explain the distant concept Measuring distant using: 
distant is the 1.2 Measuring the straight distant between two (a) One unit of standard length such as 
measurement of length point accurately spans pencils and books. 
between two points (b) Rider (cm, unit) 
2. Understand the area is 2.1 explain the concept of area Measuring the area of rectangle or square 
the broadness of an area 2.2 measuring area of a surface using: - 
(a) A unit of area of a square that is 
standard. '- 
(b) A unit of area measuringlcm2 
3. Understand volume is 3.1 measure the volume of a cube Measuring volume of an empty box using a 
the wideness of a space unit of volume of standard a cube 
3.2 measure the volume of liquid Measuring the If Li id ing a 0 "1 US 
3.3 Explain the volume concept measuring cylinder (unit cinT 
4. Understand the time 4.1 Explain that time is measured based on Identifying events such as drops of water, 
concept as the duration event that is occurring repeatedly in a standard s-mg of pendulurn and the bounce of a ball. 
between two moments way- 11 1 
4.2 measure time using clock1watches; Walldng firoin front of classroom to the back 
using 
(a) counts of drops of water or owing of a 
pendulum 
(b) using stop watch 
5. Understand that object 5.1 measure the weight of an object Measuring the weight of object using a 
has weight weighing balance 
Note: At this kve4 kilogram can be ujed al 
a unit ofwei t,, 
6. Know the attributes of 6.1 Explain the attmction of magnet towards Investigating the magnet action on several 
magnet some material objects such as pins, nails and paperclips 
6.2 Explain the attraction and repel between Observing the action between two magnets 
two magmets 
Investigating 
MATPRTAL WORLD 
OBJECTIVE TO BE ACH IEVED 
GENERAL SPECIFIC OBJECTIVE SUGGESTION OF LEARNING 
OBJECTIVE EXPERIENCE 
i. Know that objects are 1.1 Identify the na=d material and man-made Observing wd listing the objects from the 
made fiorn natural material sunm-ling made from natural material and 
material and man-ma& 1.2 Identify the natural material used to make man-made material 
material the object Grouping and making tables of the objects 
made fi-orn natural material aecording to 
1.3 Identify the primary source of the object types such as wood. soil, rubber. metaL 
leather, cotton. silk and furs. 
1.4 Identify the man-made material finn Observing several objects to identify its 
objects primary source, whether plants, animals or 
rocks. 
Grouping and making tables of the objects 
made fi-om man-made material acconfing to 
types such as plastio and MMthctio cloth. 
2. Appreciating the 2.1 Explain life without the existing of various Canying out a simulation about the 
wistence of various material in nature importance of various materials in nature. 
material in nature 
3. Application of the 3.1 
Ttate the physical attabutes of material Investigating the matcrial attributes from the 
knowledge on the from the aspects of elasticity, floats shines and aspects of elasticity floats shines and ability 
physical attribute of ability to absorb water to absorb water. Examples of material; 
material ad if s usage plastic, metal. wood. clotho and paper. 
3.2 Relating the physical attributes of material Making inference about the usage of 
with its usage material based on their physical attribute I through discussion. 
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THE OBJECTIVE TO BE ACIIIEVED 
GENERAL SPECIFIC OBJECTIVE SUGGESTION OF LEARMNG 
OBJECTIVE EXPERIENCE 
1. Know the shape, size State the earth is spherical in shape Investigate shape of the earth with looking 
and gravity pull of the at a globe or 
ball through a rolled paper from 
Earth short distant(approximately 30 cm) and from 
long distant( approximately 15m) 
Observing a photograph of Earth taken fi-om 
outer space or the moon and discuss the 
IlExplain the size of the earth from its shape of the earth. 
circumference Imagining the size of the earth by comparing 
the cirmnference of the earth with an 
obiectý for example, If all the Proton cars in 
Malaysia is arrange in a line surrounding the 
1-3 State the existence of the earth gravity. earth, only a small part of the eaM surface 
is covered. 
Observing objects falling downwards and 
make inference about the existent of earth 
Wavity I-,,, I- 
2. Know about the 2.1 Explain the surface of the earth made up of Observing and identifying the land and 
surface of the earth land, ocean and atmosphere ocean an the surface of the earth using 
physical globe, and atmosphere using video. 
slide or charts 
3. Know about shape 3.1 State that the sun is spherical in shape Observing the shape of the sun during dusk 
and size of sun or the 
image of the sun in a basin of water at 
other time % 
Warnin 
3.2 Explain the size of the sun by crimparisoa Do not look directly at the sun wilh nated 
with the size of the earth e)V- 
Making comparison of the size of the sun 
and earth. 
E. g.: Fill in sago represents the earth into & 
coconut husk representing the sum 
4. Know that the sun 4.1 Explain that the sun give out beat and light Investigating whether the sm give out heat 
radiate heat and light. 
'and light 
Picture and explain the surrounding if there 
is no sunlight by drawing, essay or role-play 
5. Know the shape, size 5.1 State the moon is spherical in shape Observing full moon using cbmts, picture. 
and situation on the 5.2 Explain the size of the moon compared to slide or video 
surface of the moon the size of the earth 
Carrying out a simulation to compare the 
size of the moon and the earth by using 
5.3 Explain the situation on the moon*3 surface football to represent the earth and a table 
tennis ball to represent the moon 
Observing the surface of full moon using 
charts. picture. slide and video ,, - 
Carrying out the simulation a trip to the 
moon explaining the situation on the moon 
such as CnIter, Mountain, soil and rocks 
6. Know the distant of 6.1 State the distant of the moon fiom. earth by Picture the distant of the moon from earth by 
the moon from earth comparison comparison Example: 
(a) if a car is able to reach the moon. it will 
take about 160 days 
(b) An Apollo rocket will take 4 days to 
reach the moon 
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OBJECTIVE TO BE ACBIEVED 
SUGGESTIONS OF LEARNING 
EXPERIENCE 
GENERAL SPECIFIC OBJECTIVE 
OBJECTIVE 
1. Know that technology 1.1 List several things that can and cannot be Testing the capability of the brain, body 
is a way mankind dMe by hi irn-%n brain, body and senses and senses and identify the instruments 
overcome their that can be use to overcome the limitations 
limitations 1.2 klentify several instruments that can be of the capability. e. g. 
used to overcome the limitations of the brain, (a) Recall something such as a phone 
body and senses number of a friend and recalling phone 
number of five friends without noting iL 
(b) Jump as high as they can to touch the 
ceiling, 
13 State the meaning of technology (c) Reading the same 3iZC Of Writing fiorn & 
1.4 List several instrument created by short distant and a long distant 
technDlogy in the surrouading 
Observing and identifying instrument 
created by techmiogy in the surrounding 
such as stationery. calculator, 
communication instruments, kitchen 
RadAets. aames and transport 
2. Understand the history 2.1 Give vakniples oftypes oftransportation, Recording and arranging information about 
Oftechnological communication device, agricultural instrument tYPCS oftransportation. communication 
development in the and types of building device, agricultural instrument and types of 
transportation, 7-2 Explaia the development of technological building through scrap books 
, 
communication. history in trwisportation. communication. Telling story about the development history 
agriculture and building agricultural and building Of technology in transportation. 
communication. agricultural and buildings 
3. Appreciate the Explam the effort done by inventors in the Recording and anangmg informatLon about 
contribution of inventor tran%xxUtion, communication, agricultural and the efforts done by inventors u, esmy fm= 
in the transportation, biuldings Note: 
communication, Inventors include individuals or groups 
agricultural and from local or foreign institutions. 
buildings 
PRIMARY SCIENCE CURRICULUM YEAR 5 
Investigating 
T TxrTmr% wr%o T Tl 
OBJECTIVE TO BE ACHIEVED 
GENERAL SPECIFIC OBJECTIVE SUGGESTION OF LEARNING 
OBJECTIVE EXPERIENCE 
1. Understand ways 1.1 Explain the ways arrimal make sure the Observing ways aniinals care and protect 
=%fls and plants do to survival of their siblings their eggs and siblings whether in real 
s= the species situation or by watching video, slide and 
survival 1.2 Explain the ways plants spread their seed to charts. 
make sure the survival of the seedlings Observing the ways plants spread seeds 
through red situation. video, slide and 
charts. 
2. Understand that food Give examples of several food chain Developing several food chain 
chain as food 
relationship between 
living things 
3. Synthesise several 3.1 Grotip several food chain to form food web Investigating a few habitat of living things 
food chain to form food to enable pupds to develop fi)od chain and 
web food web -,. .1 Modifying ýTic of a song to picture the real 
food chain 
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OBJECTIVE TO BE ACHIEVED r -, ":,, ý- 
GENERAL SPECIFIC OBJECTIVE SUGGESTIONS OF LEARNING 
OBJECTIVE EXPERIENCE 
11Cnow that electric 1.1 Explain a complete electric chulit Investigating ways to light the bulb 
current flow in a . comected with wire and battery ý 
complete cfiviit 1.2 Draw and label the diagram of complete Installing a complete circuit based on the 
circuit I complete circuit diagram 
13State the fimcdon of a switch in circuit Invwtigating the function of a switch in 
1.4 Identify material that can conduct elect& electric circuit 
(conductor) and cannot conduct electric Investigating whether material like nails. 
(insulator) paper, straw, rope, coins, water. hme. salt 
water, vinegar and soy sauce able to 
- conduct electric 
2. Understand several 2.1 Give examples of sources Of electric energy Investigating several source of electric 
source of electric encray energy such as batteries, accumulator, 
. 
4yriamo, and solar cell 
3. Understand that 3.1 Make Inference that electric energy can be Observing a lighted Carrying out 
electric energy can be change to light and beat energy. ., . 11 experiment to 
investigate the flow of 
change to otber form of 3.2 Explain that the flow Of electric current electric current through nichrome wire 
cacra bring die beat effect 
3.3 Give examples of electric appliances using Observe various electric appliances using 
heat effix; t beat effect 
4. Understand the effect 4.1 Explain that material will be heated when Observing an object will be heated when 
of beat energy beat is supply heat energy is supplied. , ,,, -ýý 
4.2 Explain the expansion and contraction of Observation of material expansion when 
material when heated and cool heated and contract when cool 
5. Understand that 5.1 State that a material is bot or cold depends Measuring and recording the water 
temperature shows tha on the temperature of the material temperature when it is being wam. or cool 
degree of warnith. 5_2 Explain the losing beat cause the decline of using thermometer 
temperature and incrmseof heat cause the 
increm in temperature 
5.3 Mciume temperature aocuratelyusing 
therinomew Making inference ab(xd the relationship 
between change of temperature with the 
increase or decrease of heat 
6. Understand the 6.1 State that light move in a straight line Investigating the movement of light 
attr: ibutes of light 6.2 Explain that light can be reflected Observing light reflection by a shiny and 
smooth hard surface 
63 Explain that light is refracted when moving Observing I& refraction using medi= 
from one medimn into another such as glass and water '.,., -, -, 6.4 State that sualight made up of seven colour Observing the oolour strips in the spectrum 
6.5 List seven colour3 aviii1able in the sunlight 
spectrum according to order 
7. Understand that light 7.1 Differentiate the material base on the lnvestigawvýanous material based on the 
can pass through certain characterisfics; trazispwtntý translucent and abilities of light to pass through the ,ý 
material opaque material. ý -, I 
7.2 Fzplain the formation of shadows of - ., "IýI .- '' '?, 1ý ,, 
opaque material 
Obsem shapes and sizes or shadows 
formed by opaque materials. ,, 
S. understand that sound 8.1 Explain several ways to produce vibration ; Investigating several ways to produce 
is produced by vibration s. 2 make inference that sound is produced by vibration Ila bknving, knocking and 
Y 'bration shaking and making inference that sound is 
produced by vibration 
Invesfigating 
MAI-EKL*, L WUKLU 
IlCww that material 1.1 State that material can exist in the form of Observing and identify that solid, liquid 
exist in die form of solid, solid. liquid. and gmeous and gaseous material am available ift, 
liqaid and Sascous 1.2 State that solid has permanent shape nature 
Observe variow solid forms and make 
1-3 State that liquid that the form. of ifs ix&rm= that solid has permanent shape 
Observing liquid in sevaul ccxftiner and 
making inference that liquid taking the 
1.4 State that gas has weight and fill up spaoe form of the Container it is filled with. 
Carrying out experiment to determine 
whether air fill up space 
.. CarrYi% Out CXPOriluent to determine 
-I 
whether air has weight by using two 
346 
similar balloon fill with air 
2. Understand that 2.1 Explain the phenomenon ofmcIting ice. Investigating the followmg phenomenon: 
changes of material boiling of water, vaporisation of water. (a) Ice melting in a see t1irough container 
when heated or cool evaporation of water. firezing of -ter and (b) Boiling and vaporisation of water when 
condensation of water vapour. heated until boiling ,ý:, (c) Evaporation of water when exposed 
7-2 measuring water boding point and melting (d) freezing of water when frecze,, 
point of ice (e) condensation of water vapour 
I Apply the knowledge 3.1 interconnect the phenomenon of changes in Observing the formation of cloud and rain 
on changes in water to water with the formation of clouds and min through simulation. 
formation of clouds and 
rain 
4. Understanding that 4.1 Differentiate various food according to taste Testing the food by tasting 
material has different (salt)% 3our. sweetý bitter and tasteless) 
chemical attributes 4.2 Mke inference about attributes such as Testing food material and household 
acidic. alkaline and neutral for fbod and material using litmus paper', 
household material 
5. Know that certain 5.1 Name material that can rust Investigating material that can rust 
material can become 5.2 Stating that nisting is caused by air and Canying out experiment to investigate 
rusty water factors that cause rusting. 
- 6. Apply knowledge 6.1 IýUking hypothesis how to avoid rusting Testing hypothesis on ways to avoid 
about factors that cau3c material frorn rusting. 
iron rust to prevent 
rusting 
7. Appreciate the 7.1 Explain the advantages of avoiding iron Recording and arranging information about 
importance attempt to 
I 
fim rusting the advantages avoiding iron fi-om rusting 
avoid iron rusting through making poster. create a song or 
essays- 
Investigating 
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OBJECrIVE TO BE ACH IEVED 
GENERAL SPECEFIC OBJECrIVE SUGGESTTONS OF LEARNING, 
OBJECTWE EXPERIENCE 
1. Understand the nature 1. INaming the layers of the earth Draw and label the earth's layer through 
phenomenon is the 1.2Explain the temperature and the condition of the building of a model or charts 
product of the condition the earth7s layer 
existed on earth 13Explain the formation of hot spring, Observing the hot spring. explosion of 
explosion of volcano and earth quake volcano and earth quake using charta. slide 
or video 
2. Know the 2-1 State that earth rotate on its axis from west Investigating the earth rotation by 
phenomenon of day and to east recording the changes Of measurement and 
night position of shadow of an object from time 
to time 
CArrying out a simulation of earth rotation 
by rotating the globe from west to cost that 
2-2 Explain the happening of day and night has been put with a match stick in a my of 
torch light beam 
Carrying out a simulation to obmw the 
happening OfdaY and night by giving a my 
of fight towards a rotatinst ball or globe 
3. Know the 3.1 State that the moon has no light of irs own Carrying out a simulation to observe the 
phenomenonofmom 3.2 State that the moon reflect the light of the moon reflecting the Sun's ligM using 
phases sun - V, I. 11 model of earth. moon and sun 
3.3 Explain that the moon moves around the 
earth and at the same time die earth and the Carrying out a simulation the movement of 
mom moves around the sun earth and moon surrounding the sur, 
3.4 Explain the phenomenon of moon phases in , !, -t-,. -1 -ý , I- II 
a complete cycle Carrying oui a simulation to Observe die 
moon phases by using a table tennis hall 
that is give a beam fioni torchlighL 
Carrying out a project to observe and 
record the moon phase in a month. 
4. Grateful for the beauty 4.1 Explain the beauty of the night during RM Writing essays, poem or song about the 
of the night that mom MOOQ__. 
brightens up by the 
moon's beam 
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OBJECTIVE TO BE ACH IEVED 
GENERAL SPECIFIC OBJECTIVE SUGGES71ONS OF LEARNING 
OB=IVE 
_EXPERIENCE 1. Understand that I. lDiffirentiato shape that is available in a Observing strucwre of various construction 
strength and stability of structure of construction to identify the shape used such as, cubed, 
a structure depend on the sphem pyramid. cone and cylinder 
shape- 1.2 Gm=lise that strength and stability Testing the sti gth and stability of various 
depends on the shapes simple structure made and the various 
shape of tower 
2. Synthesm the idea 2.1 Create a model of a structure that is strong Constructing a model of a structure that is 
about the shape to and stable 3 trong and stable base on various shape 
coristrtict a strong and 
stable structure 
PRIMARY SCIENCE CURRICULUM YEAR 6 
lavesfipting 
T nnmr. wnRT n 
OBJECTIVE TO BE ACH MVED -1 , -, ý '. -j , GENERAL SPECIFIC OBJECTIVE SUGGESTIONS OF LEARNING 
0BJEC`1IVE Da'MNCE 
_ 1. Understand that 1. IF-xplain the competition as a form of Carrying out oTeriment to investigate the 
competition as a form of interaction between living thiW in an canpetition between seedlings 
interaction between environment with limited sources 
living things 
2. Understand that 2.1 Explain the importance for -1rind to Recording and arranging information about 
mankind is trusteil to conserve plants aDdanixrW the extinction of animals and plants and 
handle the living world the efforts an conservation through 
with responsibility discussion 
3. Tbankful that mankind 3.1 S te the speciality of mankind that Writing essays or poem on the speciality 
is the best form of living 
things 
-I 
diffemitiate them from other living things of mankiind 
Investigating 
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OBJECTIVE TO BE ACI-HEVED 
GENERAL SPECIFIC OBJECTIVE SUGGESTIONS OF LEARNING 
OBJECTIVE EYPERIENCE 
1. Know the forces and 1.1 Explain that pushing and puffing are forces Experience the fiorce effect by pushing the 
their effects palms by a Pair Of PuPils and pulling also 
1.2 Explain that force cause changes of shape by pair 
of an object Investigate the act of force on changes of 
13 Explain that fi= cause the change of shape of an obJect ,, 
movement in an object Observing the action of the changes in 
movenzut and direction of an object such 
as, a static ball, a moving ball, a ball 
1.4 Explain the fiiction form on the moving moving in opposite direction and a rotating 
object glob 
Observing the movement of object on 
SeNwal tYpes of 3ur&ces and making 
inference on the existent of ffiction. 
2. Undrrstand that 2.1 Make inference that object that move fint Measuring and OOMP&rmg the distant taken 
moving o*ct has win move further in a specific time. or object - by two objects moving in a specific unit of 
acceleration that move fitst will take shorter time to move to time :"ý, I 
a specific distant. Nicasuring the time taken by two object 
2.2 Determine the acceleration of a moving moving in a specific distant 
object Calculating die acceleration of a moving 
object in a specific distant -. 
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MATFRIALWORLD 
OBJECTWE TO BE ACHIEVED 
GENERAL SPECEFIC OBJECTIVE SUGGESITONS OF LEARNING 
OBJECTIVE EXPERIENCE 
1. Understand the ways 1.1 State that food will be spoiled by bacteria Observing and recording the growth of 
to preserve food and fizngus fungus on bread 
1.2 Explain the ways to preserve food 
Carrying out a project in preserving food 
such 89 driing. fiDezing, salting and pickle. 
Recording and arranging information about 
the steps m food canning and bottling 
through charts and drawing 
2. Understand the effect - 2.1 Explain that the disposal of waste Rcoordirig and arranging information about 
On Waste &VOSal 10 unsyst=atically will cause pollution the unsystematic waste disposal tbrough 
environment scrap book 
3. Know that the waste 3.1 Explain the way to recycle paper Carrying out activity that produce paper 
can be recycle from used papers 
3.2 State that the disý material can be used Carrying out discussion to identify 
again materials that can be recycle 
4, Appreciate the 4.1 State the advantage of recycling the waste Carrying out a debate or writing essay on 
importance of recycling material the advantage of recycling to Conserve the 
I 
of waste material nature 
Investigating 
VA RT14 AM T14F t]NTVRRSF- 
OBJECTIVE TO BE ACHIEVED 
GENERAL SPECIFIC OBJECTIVE SUGGESTIONS OF LEARNING 
OBJECTIVE EXPERIENCE 
1, Understand 1. lExplain. the phenomenon of mwWs eclipse Carrying out , simulation to observe the 
phenomenon of moon's eclipse of the moon by using the models of 
eclipse and sWs eclipse Sun. Moon and Earth 
II Explain the phenomenon of sWs eclipse Drawing dw diagram of tbe eclipse 
Carrying out simulation to observe the 
sunýs eclipse by using the models of the 
sun, moon and earth 
Drawinst the diagrarn of ft eel* Ipse 
2. Know the solar system 2.1 Name the planets in the solar system Carrying out a project in making model of 
according to the order from the sun solar system 
2.2 State that planets are rotating and at the 
same tune move surrounding around the sun Carrying out the simulation to observe the 
rotation and movement of the planet 
2.3 State the asteroid and meteor are part of the around the sun using model, or role-play 
solar system Observing asteroid and meteor using charts 
and slide 
3. Know about the 3.1 State the constellation, is a group of stars Identif*g certain Pattern of constellation 
oonstellation seen to form certain pattern by connecting dots on diagram. 
31 Identify the constellation that is easily seen Observing constelladon in the sky at 
3.3 State that constellation helps in 
determining bearing 
certain time to connect it with the pattern 
4. Admire the beauty of 4.1 Explain the beauty of the universe Writing poem and essays about the beauty 
the universe created by of the universe 
God 
brmsfipting 
T17rtMt-IT f)GTCAL WORLD 
OBJECTIVE TO BE ACH IEVEDD 
GENERAL SPECIFIC OBJECTIVE SUGGESTIONS OF LEARNING 
OBJECTIVE EXPERIENCE 
1. Analyse simple 1.1 Identify the simple machine such as wheel Observing several appliances and model 
machine fiom if s and axle, pulley, screw and par such as toy crane, bottle opener, and 
filaction corkscrew, to identify the principle of 
1.2 Draw and label the simple machine simple machine used. 
1.3 Identify the situation using simple nmchine Investigating a situation using the principle 
to make works easier for of simple machine such as pulling up a 
flag. pushing object on the slope, cutting 
1.4 Iden* simple machine in certak complex wood and playing with roller shoes. 
nmcbine I 
349 
Investigating several complex machine 
such as clock, bicycle, push chairs that 
contain a few simple machine 
2. synthesise ideas about 2.1 Create a model using simple machine Identifyring problems, planning and 
simple machine to create building models using simple machine 
a tool I 
350 
REFERENCES 
Adam, PE and Krockover, GH (1999) 'Stimulating constructivist teaching styles through 
use of an observation rubric', Journal of Research in Science Teaching, Vol. 36, No. g. pp955- 
972. 
Adams, R and Chan, D (198 1) The Process of Educational Innovation - An International 
j! g[W2gLye, Kogan Page, 'Me UNESCO Press. 
Adiseshah, MS (1970) Lifelong Education: International Education Year Document 71 Paris, 
UNESCO. 
Andrew, R (1996) 'A look at primary science', in Andrew, R. (Ed) Inte1prefing the National 
Curricul London, University Press, pp20-129. 
Appleton, K (1995) 'Student teachers' confidence to teach science: is more science 
knowledge necessary to improve self-confidence? ', International Journal of Science 
Educatio Vol. 7, No. 3. pp357-369. 
Appleton, K and Asoko, H (1996) 'A case study of a teacher's progress towards using a 
constructivisit view of learning to inform teaching in primary science', Science Education. 
Vol. 80, No. 2. pp165-180. 
Appleton, K (1997) 'Analysis and description of students' learning during science classes 
using a constructivist based model', Journal of Research in Science Teaching, Vol. 34, No. 3. 
pp308-318. 
Ariza, RP and Gomez, MA SG (1992) 'The change of teachers' conception: A strategy for 
in-service science teachers education', Teaching and Teacher Education. Vol. 8, No. 5/6. 
pp537-548. 
Atlay, M and Edwards, D (1993) 'Laboratory practice in further and higher education: 
developments in the design of practical work, in Edwards, D. Scanlon, E. and WM D. 
Teaching. Learning and Assessment in Science Educatio London, Paul Chapman 
Publishing Ltd, PP79-97. 
Aziz, A (1993) 'Human resource development: The education and training aspece. in sarji, 
A. (Ed) Malgysian Vision 2020: Understanding the Concepts. Implication and Challenges. 
Malaysia, Pelanduk Publication, pp327-, 358. 
Azizah Abdul Rahman (1987) Curriculum Innovation in Malaysia: The Case of KBSR, 
unpublished Ph. D. thesis; University of London. 
Baker, R. (1994) 'Teaching science in primary school: what kno, %Aedge do teachers needT, 
Research in Science Educatio Vol. 24, pp3l-40. 
Bell, D (1999) 'Assessing science for children with learning difficulties', Primi I gy Science 
Revi No. 56, pp27-30. 
Bennet N and Bisset, R. T (1993) 'Knowledge býses and teaching performance', in Bennet, 
N and Carre, C. Learning to Te London, Routledge, pp 149-164. 
351 
Bentley, D (1993) Tross-cunicular elements: Science and Health Education', in Sherrington, 
R. (Ed) ASE Primga Science Teachers" Handbook. Cheltenham, Stanley 7bomes 
(Publishers) Ltd, pp. 215-22 1. ,. 
Bianchi, L (1999) 'Less-able children's learning in science', Priffma Science Revim No. 60, 
pp20-22. 
Biddulph, F and Carr, M (1992) 'Developments in primary science: A New Zealand 
perspective', Evaluation and Research in EducafiorL. Vol. 6, No. 2and3, ppl9l-198. 
in Science Staff Bishop, K and Denley, P (1997) Effec tive Learni ord, Network 
Educational Press. 
Blcnkin, GK Edwards, 0, Kelly, AV (1992) Change and the Curricul London, Paul 
Chapman. 
Bloom et al. (1956) TaxonoMy of Educational Objectives: The Classification of Educational 
Goals. Handbook I Cognitive Domain, London, Longman Group Ltd. 
Bloom, B S, Krathwohl, D F, Masia, BB (1964) TaxonoMy of Educational Objectives: The 
Classification of Edacational Goals. Handbook 2 Affective Domain, London, Longman 
Group Ltd. 
Bogdan, RC and Bilden, SP (1992)6ualitative Research for Education: An Introduction to 
Theoly and Methods London, ýIlyn and Bacon. 
Bonnstcttcr, RJ (1998) 'Inquiry- leaming from the past'! hith an eye on the future', Electroni 
journal of Science Educati Vol. 3, No. L ppl-4. 
Q=: //unr. edu/homgpaadýJjcannonleise/bonstetter. html 
Bradley, LS (1996) Children Learning Science, Oxford, Nash Pollock Publishing. 
Brickhouse, N and Bodner, GM (1992) 'The beginning science teacher classroom narratives 
of convictions and constraints', Journal of Research in Science Teaching- Vol. 20, No. 5. 
pp471-485. 
Briscoe, C and Peters, J (1997) 'Teach I er collabýiafion across and w. ithin schools: supporting 
individual change in primary science teaching', Science Education Vol. 81, No. l. pp5l. 65. 
Brook, A, Driver, R, Johnston, K (1989) 'Learning processes in science: a classroom 
perspective' in Wellington, J. (Ed) Skills and Processes in Science Education: A Critical 
-82. , sis. ndon, Routledge, pp63 
Brown, S and McIntyre, D (1993) Making Sense of Teaching, Buckingham, Open Univcrsity 
Press. 
Campbell, RJ and Neill, SR (1994) Curriculum Reform at Key Stage 1: Teacher 
Commitnent and Poligy Fail London, Longman Group UK Ltd. 
Campbell, R J, Evans, L,, Neill, SR St J, Packwood, A (199 1) Workloads. Achievement and 
Stress: Two Folloy=up Studies of Teachers' Time in KV Stage I.., Policy Analysis Unit, 
Department of Education, University of Warwick: 
352 
Carre, C and Carter, D (1990) 'Primary teachers' self perceptions concerning implementation 
of the National Curriculum for science in the UK', International Journal of Science 
Education- Vol. 12, NoA pp327-341. 
Carter, DSG and Hacker, RG (1988) 'A study of the efficacy of a centre-periphery 
curriculum implementation strategy', Journal of Curriculum Studio Vol. 20, No. 6. pp549- 
552. 
Chen, A and Ennis, CD (1995) 'Content knowledge transformation: An examination of the 
relationship between content knowledge and curricular', Teaching and Teacher Education. 
Vol. 11, NoA pp3 89-40 1. 
Cheung, KC and Taylor, R (199 1) 'Towards a humanistic constructivist model of science 
learning: changing perspective and research implication'. - Journal of Curriculum Studies. 
Vol. 23, No. 1. pp21-40. 
Chiappetta, EL (1997) 'Inquirýbased science: strategies and techniques for encouraging 
inquiry in the classroom, The Science Teach pp22-26. 
Clark, CM and Peterson PL (1986) 'Teachers'th6ught processes', in Wittrock, M. C. 
Han! Magok of Research onTeachin New York, McMillan Publishing Company, pp255-296. 
Clark, CM and Yinger, RJ (1979) 'Teachers' thinking', in Peterson, P. Land Walberg, H. 
J. (Eds) Research on Teaching: ConcM Findings and ImLhcatio USA, McCutchan 
Publishing Corporation, pp231-263. 
Claxton, G (1991) Educating the InguiringMind: The Challenge for School Science- 
London, Harvester Wheatsheaf. 
Cohen, L and Manion, L (1989) Research Meth2ds in Education, London, Roudedge. 
Cohen, L and Manion, L (1994) Research Methods in Education (0 Ed) London, 
Routledge. 
Cronin-Jones, L (199 1) 'Science teacheirs' belief and their influence on cu'mculu'm 
implementation: Two case studies', Journal of Research in Science Teachim Vol. 28. No. 3. 
pp235-250. 
Cropley, AJ (1980) Towards a System of Lifeloý& Educafion: Some Practical Considerafion. 
Oxford, Pergamon Press. 
Cross, A and Poet, G (Eds) Teaching Science in the Primary School: Book One: A Pracdcal 
Source Book of Teaching Strategies Plymouth, Nor 
, 
thcote House publishers. 
Curriculum Development Centre (CDC) (1993a) Strategies for Integrgfipg Science Elements 
in Malay. Chinese and Tamil LanggUe and Mathematics in Ph= I nSp, Ministry of 
Education, Malaysia. 
Curriculum Development Centre (CDC) (1993b) Syllabus for the Pri LmM School Sci 
Ministry of Education, MalaYsia. 
Curriculum Development Centre (CDC) (1994a) InWaLeLd RdMM 5chool Curriculum- 
Explanation Book Ministry of Education Malaysia. 
353- 
Curriculum Development Centre (CDC) (1994b) Module 2- Scientific Skill. S Ministry of 
Education, Malaysia. 
Curriculum Development Centre (CDC) (1994c) Module 3 -Thinking Skills. Ministry of 
Education, Malaysia. 
Curriculum Development Centre (CDC) (1994d) Module 4- Scientific Attitude and Noble 
Values. Ministry of Education, Malaysia. 
Curriculum Development Centre (CDC) (1996) Module 12 - Teaching and Legjiýng Stmtcgy 
LI M Ministry of Education, Malaysia 
Dave, RH (1976) 'Illustrative content analysis and synthesis', in Dave, R. H. (Ed) 
Foundation of Lifelong Educatio Oxford, Pergamon Press, pp338-381. 
Dengate, S (1999) Manual for Heads of Science: School Science Support. Surrey, Croner 
Publications Ltd. 
Denzin, NK and Lincoln, YS (1994) 'Entering the field of qualitative research', in Denzm, 
N. Y, and Lincoln, Y. S. (Eds) Handbook of Qualitative Rese LondonSage 
Publications, ppl-18. 
Denzin, NK (1988) 'Triangulation7, in Keeves, J. P. Educational Research. MethodolosL 
and Measurement: An International Handbo O? cford, Pergamon Press, pp551-513. 
Department for Education (DfE) (1992)Me IMIernentation of thg Mcular Rgquircmenlrk 
of the ERA. An overview by IM on the First Year. 1990-1991 London, HMSO. 
Department for Education (DfE) (1995) Scicncc in the National CUDiculum. London, 
HMSO. 
Department for Education and Employment (DfEE) (1998) Teaching: HigUtatu& High 
Standards. RMuirements for Courses of Initial Teacher Trainin - Circular Number 4-/98. 
DES (1978) Primn Education in England: A Survey by HM-L London, HMSO. 
DES (1983) Science Rogrt for Teachcr-s-I: Science at Age II LondonHMSO. 
DES (1985), Ibe Curriculum from 5 to 16: Curriculum Matters 2, London, HMSO. 
DES (1989a), 11c Curriculum from 5 to 16: Curriculum Matters 2- incorpora6n& responses 
(2'd Ed), London, HMSO. 
. pects of 
Edmn ucation: The Teaching aad Le g of Scig DES (1989b) &s -Ed arnin London, HMSO. 
DES (1991a) Tte Education (National CurrigWumi) (Assessment 
-Arrangements 
For Ensdisk 
Mathematics and Science) Order 1990. Circular-No 9/90, London, I-IMSO 
DES (1991b) The Lmplm-mt-atiort of the Curricular Rg" guiremýnts of the Education Reform 
Act- in-Service Training for the Introduction of the National CurricWum- A renort hv RM 
or 1988-1990 London, HMSO. 
354 
DES (1992) The Implementation of the Curricular R2quirem6nts Of the Education Reform 
Act: Science-Kqy Stage 1. and 3: ARgport-byHMIngpector. Second Year 1990-1991, 
London, HMSO. 
Dobey, DC and Schafer, LE (1984) 'Ihe effect of knowledge on primary science enquiry 
teaching', Science Educati Vol. 68, No. l. pp39-5l. ' ý, -IIý 11 1, 
Doyle, W and Ponder, G (1977) 'Tbe practicality ethic in teacher decision making', 
Interchange Vol. 8, No. 3. ppl-12. 
Driver, R (1983) The Pupil As Scientist? 'Milton Keynes, ý'ffie Open University Press. 
Driver, R (1988)'Ibeory into practice II: aconstructivict approach to curriculum ý 
development', in Fensham, P. (Ed) Development and Dilemmas in Science Education. 
London, The Falmer Press, ppl33-149. 
Driver R, Guesne, E and Tiberghien, A (1985) Children's Ideas in Sciencc. Milton Keyties, 
Open University Press. 
Driver, R and Bell, B (1986) 'Students thinking and the learning of science: a constructivist 
view', School Science Revi pp443-456. 
Driver, R and Oldham, V (1986) 'A constructivist approach t6 curriculum development in 
science', Studies in Science Educati Vol. 13, pp105-122. 
Duit R and Treagust, DF (1995) 'Students' conception and constructivict teaching 
WMy approach', in Fraser, BJ and Walberg, H. J. '(Eds) Im ýmgx Science Educati Chicago, 
NSSE, pp46-69. 
Edwards, CH (1997) 'Promoting student inquiry', '-l'be-Science Teach ppl8-21. 
Elbaz, F (1983)'Tlie teachers' "practical knowledge": report of a case study', Curriculu 
jpqgýy, pp43-71. 
Emmerson, C and Goddard, 1 (1989) All About the National Curricul Oxford, 
Heinemann Educational Books Ltd. 
Feasy, R (1993) 'Scientific investigation, in Sherington, K (Ed) The ASE PrimWj Science: 
Teachers' Handbook. Cheltenham, Stanley Thomes, (Publisher) Ltd, pp55-68. 
Feiman-Nemser, S and Floden, RE (1986) 'The cultures of teaching', in Wittrock; M. c. (Ed) 
Handbook of Research onTeachin New York, McMillan Publishing Company, pp505-526. 
Feldman, A and Atkin, JM (1993) 'Research in science education in the USA', Journal o 
Curriculum Studi Vol. 25, No. 3. pp28l-289. ', -, -: 
Fensham, PJ Gunstone, RF and White, RT (1994)'Science content and the constructivist 
view of learning and teaching', in Fensham, P. J. Gunstone, R., F. and White, R. T. (Eds) 
The Content of Science -A constructivist Approach to its teaching and le London, 11e 
Falmer Press, pp 1-8. 
Fisher, R (1990) Teaching Children to Cheltenham, Stanley Thomes (Publisher) Ltd. 
355 
Foden, A (1993) 'Integrating assessment into the curriculum', in Sherrington R. (Ed)_ASE 
Primga Science Teachers' Handbook, Cheltenham, Stanley, Thomes (Publishers) Ltd, 
pp152-162. 
Fortune, J, Peters G, Rawlinson-Winder, L (1993) 'Science education in English and Welsh 
primary schools: a systems study', Journal of Curriculum Studies, Vol. 25, No. 4. pp359-369. 
Fraser, B J, Tobin, K and Lacy T (1988) 'A study of exemplary primary science teachers', 
Research in Science and Technology, Vol. 6, No. I. pp25-37. 
Frost, J (1997) Creativity in L? dpM Scienc Buckingham, Open University Press. 
Fullan, M and Pomfret, A (1977) 'Research on curriculum and instruction implementation', 
Review of Educational Research. Vol. 47, No. 1. pp335-397. 
Fullan, M (1993) Change Forces: Probing the Doths of Educational Refo LondonThe 
Falmer Press. 
Fullan, MG and Stiegelbauer, S (1991) The New Meaning of Educational Change. London, 
Cassel Education Limited. 
Gabel, D and Rubba, P (1979) 'Attitude changes of Primary teachers according to the 
curriculum studied during workshop participation and their role as model science teachers', 
Journal of Research in Science Teaghing Vol. 16, No. l. ppl9-24. 
Gilbcr4 J K, Osborne, RJ and Fensharn, PJ (1982) 'Children's science and its consequences 
for teaching, ' Science Educati Vol. 66, No. 4. p p623-633. - 
Grossman, P L, Wilson, SM and Shulman LS (1989 'Teach ers; of substance: Subject 
matter knowledge for teaching', in Reynolds, M. C. Knowledge Base for the Beginning 
Teacher, Oxford, Pergamon Press, pp23-3 6. 
Gudmundsdottir, S (199 1) 'Ways of seemig are ways of knowing: the pedagogical content 
knowledge of an expert English teacher', Journal of Curriculum Studies, Vol. 23, No. 5. 
pp409-421. 
Haes, J (1982) 'Knowledge and the curriculum: teachers' thinking', Journal for Higher 
Education.. Vol. 10, No. 2. pp84-94. 
Hand, B and Treagust, DF (1994) 'Teachers' thought about changing to constructivist 
teaching and learning approaches within junior secondary science classroom', Journal o 
Education for Teaching, Vol. 20, No. 1. pp97-112. 
Haney, J J, Czerniak, C M, Lumpe, AT (1996) 'Teacher beliefs and intentions regarding the 
implementation of science education reform strands', 'Journal of Research in Science 
leghip& Vol. 33, No. 9. pp971-993. 
Haris Md. Jadi (1993) 'Implementing a national curriculum: tradition vs; change', Pacific 
Asian Educatio Vol. 5, No. 2. ppl-9. 
Harlen, W (1992) The Teaching of Science: Studies in Prim4a Educatio London, David 
Fulton Publisher. 
356 
Harlen, W (1993a) 'Research and development of science in the primary school', in Edwards 
D, Scanlon, E and West, D (Eds) Teachin& Learning and Assessment in Science Education. 
London, Paul Chapman Publishing Ltd, ppl24-139. 
Harland, J and Kinder, K (1997) ' Teacher's continuing professional development: framing a 
model of outcomes", British Journal of In-Service Educati Vol. 23, No. 1. pp67-84. 
Harlen, W (1993b) Teaching and Learning Primga Science (2"d Ed), London, Paul Chapman 
Publishing Ltd. 
Harlen, W (1996) The Teaching of Science in Primarv Schools (I'd Ed), London, David 
Fulton Publisher. 
Harlen, W (1998) 'The last ten years; the next ten years', in Sherrington, R. (Ed) ASE Quid 
to Primga Science Educatio Cheltenham, Stanley Thornes Ltd4 pp23-33. 
Harlen, W (2000) Teaching. Learning and Assessing Science 5-12 (I'd Ed), London Paul 
Chapman Publishing Ltd. 
Harlen, W and Holroyd, C (1997) 'Primary science teachers understanding of concepts of 
science: impact on confidence and teaching', International Journal of' Science Education. 
Vol. 19, No. I. pp93-105. 
Harlen, W and Jelly, S (1997) Developing Science in the Primary Classroom (2" Ed). Essex, 
Addison Wesley Longman LtdL 
Harrison C, Simon S, Watson, R (2000) 'Progression and differentiation', in Monk, M. and 
Osborne, J. (Eds) Good Practice in Science Teaching: What research has to sgy, 
Buckingham, Open University Press, ppl74-189. 
Harvey, S (1999) 'Pasing science InSet in developing countries: reflections on the experience 
of the primary science programme in South Afria, International Journal of Science 
Education, Vol. 2 1, No. 6- pp595-609. 
Hawkins, D (1994) 'Constructivism: Some History', in Fensharr4 PA. Gunstone, R. F. and 
)White, R. T. (Eds) The Content of Science- A constructiviýt approach'tý its'teachiný and 
learning Londonj*he Falmer Press, pp9-13. 
Higher Education Statistics for the United Kingdom (1992/1993), Cheltenham, Higher, 
Education Statistic Agency Limited (HESA). 
Hodson, D (1985) 'Philosophy of science, science and science education", Studies in Science 
Educafio Vol. 12, pp25-57. 
Hodson, D (1990) 'A critical look at practical work in school science", School Science 
Review. March, Vol-70 (256), pp3340. 
Hodson, D (1998) Teaching and Learning Science: Towards a Personalised AI Wroac 
Buckingham, Open University Press. 
Hofstein, A (1988) 'Practical work and science education', in Fensham, P (Ed) Development 
and Dilemmas in Science Education. London, The Falmer Press, ppl89-217. 
357 
Holt J (1994) 'How children learn ..... and fail' ,- in Pollard, A. and Boume, J. (Eds), Teaching and Lcarning-in the Primgy chool, London, Routledge, pp7-1 1. 
House of Commons (1996-97) Education and Employment Committee (sixth report). The 
Professional Status, Recruitment and Training of Teachers, London, The Stationery office. 
Howe, C (1990) 'Grouping children for cffective learning', Hmail Science Review No. 13, 
pp26-27. 
Hoyle, E (1980) 'Professiondisation and deprofessionalisation in education', in Hoyle, E. 
and Meggary, G. (Eds) World Year Book of EjWjaon 1980: The Professional Development 
of Teach London, Kogan Page. 
Kimpston, RD (1985) 'Curriculum fidelity and the implementation tasks employed by 
teachers: a research study', Journal of Curriculum Studies Vol. 17, No. 2. ppl85-195. 
Kruger, C and Summers, MC (1988) 'Primary school teacher understanding of science 
concepts', Journal of Education for Teachin Vol. 14, No. 3. pp259-265. 
Kruger, C and Summers, M (1989)'An investigation of some primary teachers, 
understanding of changes in materials', School 5cience Revi Vol. 71 (255), ppl7-27. 
Kruger, C, Palacio, D and Summers, M (1990) "An investigation of some English primary 
school teachers' understanding of the concepts force and gravity', British Educational 
Research Journal', Vol. 16, NoA pp383-397. 
Kruger, C, Summers, M, Palacio, D (1990) 'INSET for Primary Science in the National 
Curriculum in England and Wales: are the real needs of teachers perceived? ', journal 0 
Education for Teaching. Vol. 16, No. 2. ppl33-146. 
Laplante, B (1997) 'Teachers belief and instructional strategies in science: pushing analysis 
finther', Science Educatio Vol-8 1, pp. 277-294 
Leach, P and Scott P (2000) 'Children's thinking, learning, teaching and constructivism', in 
Monk M. and Osborne, J. (Eds) Good Practice in Science Teaching: What research bw to 
W, Buckingham, Open University Press, pp4l-71. 
Leinhardt, G (1988) 'Videotape recording in educational research', in Keeves, J. P. 
Educational research. methodology,. and measurement: An international Handbogk, Oxfordý 
Pergamon Press, pp493-497. 
Lengrand, P (1975) An Introduction to Lifelong Learnin London, Croorn Helm. 
Louden, W and Wallace, J (1994) 'Knowing and teaching science: the constructivist 
paradox', International Journal of Science Educati Vol. 16, No. 6. pp649-657. 
Mahathir Mohamad (1993) 'Views and thoughts of Dr. Mahathir Mohamad, the Prime 
Minister of MalaysW, in SmjL A (Ed) MallUsian Vision 2020: Understanding the CoRmts. 
implication and Challenges Malaysia, Pelanduk Publication, ppl-52. 
Maheu R (1973) 'For a lifelong educationý, in Dave, R- FL and Tiemerling, S. (Eds) LifclQn 
Education and the School: Abstract and Biblio Hamburg, UNESCO. 
358 
Marsh, CJ (1992) KV Concepts for Understanding the Curricul 
_ 
London, The Falmer 
Press. 
Marsh, CJ (1997) PMpectives: Kgy Con= for Understanding the Curriculuin 1. London, 
The Falmer Press. 
Marsh, C and Morris, P (1991) Curriculum Development in East Asi London, The Falmer 
Press. 
May, T (1997) Social Research: Issum Method and REgM (2 ad Ed), Buckingham, open 
University Press. I., II11,1 .ý-ýý: :I, --, ý: ý, 
McGuigan, L and Russell, T (1997) '%a constructivism tells us about managing the 
teaching and learning of science', Rdmm Science Review NO-50, ppl5-17. - 
McGuigan, L and Schilling, M (1997) 'Children learning in science,, in Gross, A. and Pee4 
G. (Eds) Teaching Science in the Primga School. Book One Plymouth, Northcote House 
Publishers Ltd, pp24-36. 
McMillan, JH and Schumacher, S (1989) Research in Education: 
_A 
ConggptuaUntroduction 
(2'd Ed) London, Scottý Foresman and Company. 
McNeil, JD (1990) Curriculum -A Comprehensive Introducti USA, Harper Collins 
publishers. 
Mellado, V (1998) 'Ile classroom practice of pre-service teachers and their conceptions of 
teaching and learning science, Science Education, Vol. 82, pp 197-214. 
Merriam, BS (1988) Case Study Research in Education: A Qualitative ARproach. London, 
jossey-Base Publishers. 
Millar, R (1989) 'Constructive criticism, International Journal of Science Education. Vol. 11, 
special issue, pp587-596. 
Millar, R (1998) 'Rhetoric and reality- what practical work in science education is really for', 
in Wellington, J Practical work in school science: which wpy now ? London, Routledge, 
ppl6-32. 
Ministry of Education Malaysia (1958) Report of the Education Committee 1956, Kuala 
Lumpur, Govcr=ent Press. 
Ministry of Education Malaysia (1971) Rgport on the Impleragqgfion of th-e: - 
Recommendations of the Education Review Committee 1960. Kuala Lumpur; Dewan Bahasa 
dan Pustaka. 
Ministry of Education Malaysia (1979) Cabinet Committee Rgport on thg Review of thq 
! M_ Kuala Lumpur, Dewan Bahasa dan imiementation of the National Educational Pph 
Pustaka. 
-SO L% Ministry of 
Education Malaysia (1982) New EfmM School-Curriculurn- Aims. Philo Rh 
p, atonale. subieCtS. Teaching and Learning Strat4e Kuala Lumpur, Dewan Bahasa dan 
Pustaka. 
359 
Ministry of Education Malaysia (1983) New primary School Curriculum- A General Quid 
Book. Kuala Lumpur, Dewan Bahasa dan Pustaka. 
Ministry of Education Malaysia (1988) Secondm School Syllabus - Scienge. Kuala Lumpur, 
Dewan Bahasa dan Pustaka. 
Ministry of Education Malaysia (1995a) A. Status Report on Primga Science in Year 4. 
Inspector of Schools, Ministry of Education, Malaysia. ', 
Ministry of Education Malaysia (1995b) A Status R-gport on the Management and Science 
Teaching and Learning in Penang himM School. Inspector of Schools, Ministry of 
Education, Malaysia. 
Ministry of Education Malaysia (1995c) A Rgport of the Inspection of the Implementwon of 
Science Subject in Primgy School in Sabah. Inspector of Schools, Ministry of Education, 
Malaysia. 
Ministry of Education Malaysia (1997) Education in MalWia, 'Me Educational Planning and 
Research Division, Ministry of Education, Malaysia. 
Molly et aL (1996) Students' Orientation Towards Science and Mathematics: Mly are 
Enrolments Falling? School of Educational Studies, Universiti Sains Malaysia, Penang, 
Malaysia. 
Monk, MJ and Dillon, JS (1993) 'Leaming content through process: practical sftWegies for 
science teachers 
in developing countries', Journal of Science and Mathern c 'Piji, a+; ^-. - 
5E Asia -20. , 
VoL16, No. 2. ppl3 
Morris, P (1985) 'Teachers' perceptions on the barriers to the implementation of a pedagogic 
innovation: a South East Asean case study', Intemational Review of Educatim Vol. 1, No. 3. 
pp3-16. 
Munby, H (1984) 'A qualitative approach to the study of a teacher's belief, Journal o 
Research of Science Teaching Vol. 2 1, No. 1. pp27-3 8., 
Murphy, P (1997) 'Constructivism. and primary science', Primm Science Review. No. 49, 
pp27-29. 
Nachmias, D and Nachmias, C (1996) Research Methods in the Social Sciences (5h Ed) 
London, Edward Arnold. 
Naylor, S and Keogh, B (1997) 'Progression in learning in science'. in Cross, - A. and Peet, G. 
(Eds) Teaching Science in the Rdm= School: Book One. - A Practical Source Book o 
Teaching Strategi Plymouth, Northcote House Publishers Ltd, pp5l-63. 
Naylor, S and Keogh, B (1998a) 'Progression and differentiation in science: some general 
strategies', in Cross, A. and Pect. G. (Eds) Teaching Science in the Primga School: Book 
Two: Action Planning for Effective Science Plymouth, Nordicote House 
publishers Ltd, pp34-43. 
Naylor, S and Keogh, B (1998b) 'Progression and diffm-entiation in s (cence: some specific 
strategies', in Cross, A. and Peet, G. (Eds) Teaching Science in the Primn School: Book 
Two: Action Planning for Effective Science jeachinjg Plymouth, Northcote House 
Publishers Ltd, PP44-5 8. 
360 
Neale, D C, Smith, D, Johnson, VG (1990) 'Implementing conceptual change teaching in 
primmy science', The Primn School Joumal. Vol. 91, No. 2. pp109-13 1. 
Needham, R and IML P (1987) Children's j&gmLng in Science Project: Teaching Strategies 
for Develgping, Understanding in Science. Centre For Science. Centre for Studies in Science 
and Mathematics Education, The University of Leeds. 
Nespor, J (1987) 'The role of beliefs in the practice of teaching', Journal of Curriculum 
Studies. Vol. 19, NoA pp317-328. 
Nichols, SH and Nichols, A (1975) Creative Teaching: An Approach to the Achievement of 
Educational Obiective. London, George Allen and Unwin Ltd. 
Nisbet, JC and Watt, J (1978) Case Stuk. RedigAde 26: Guides in Educational Research. 
University of Nottingham, School of Education. 
Noor Azmi Ibrahim (1988) In-Service Courses and Teachers' Professionality: The 
implementation of K-B. S. R. in Malaysia, unpublished D. Phil. thesis. University of Sussex, 
BrightorL 
Noor Azmi Ibrahim (199 1) 'In-service training in Malaysia for the new primary curriculum 
(KBSR)', in Lewin, K-M. and Stuart, J. S. Educational Innovation in Developing Counýy: 
Case Studies of Change Makem London, McMillan Academic and Professional Ltd, pp95- 
126. 
Nuffield Primary Science - Science Processes and Concept Exploration (1993) Teachers' 
_Handbool 
London, Collins Educational. 
OFSTED (1993) Science: Kgy Stages 1.2.3 and 4 Fourth Year 1992-93 London, IIMSO. 
OFSTED (1994) Primply Matters: A Discussion on Teaching and Learning in Primary 
school, London, MtSO. 
OFSTED (1995) Science: A Review of InVection Findings. 1993/94 London, HMSO. 
Olson, JK (1980) 'Teacher constructs and curriculum change', Journal of Curriculpin 
&tudHe& Vol. 12, No. 1. pp I- 11. 
Olson, JK (1982) Innovation in the Science Curriculum. London, Croom Helm. 
omar, AR (1993) 'Industrial targets of vision 2020: The science and technology 
perspective', in SaýL A (Ed) MaIgysian Vision 2020: Understanding the Concots. 
Malaysia, Pelanduk Publication, pp271-298. 
Osborne, R and Gilbert, J (1980) 'A method for the investigation of conceptunderstanding in 
sdence'. Euro2m Journal of Science Educatio, VoL2, pp3ll-321. 
Osborne, J, Wadsworth, P and Black P (1992) Primgjy SPACE Project Research RgRort- 
F_rocesses of Life. Loverpool, Liverpool University Press. 
Osborne, J, Wadsworth, P, Black P and Meadows, J (1994) Primga SPACE Proje 
_Research 
R02rt- Tle Earth in Space. LiverpooL Liverpool University Press. 
361 
Pajares, MF (1992) 'Teachers' beliefs and educational mess: cleaning up a messy construct', 
Review of Educational-Research. Vol. 62, No. 3. pp307-332. 
Peacock, A (1998) ' Helping teachers to develop competence criteria for evaluating their 
professional development' in McKay, V and Treffgarne, C (Eds) Evaluating Impact, 
London, DFID reports, ppl43-156. 
Prophet RB and Rowell, PM (1993) 'Coping and control: science teaching strategies in 
Botswana', international Journal of Curriculum Studies in Education. Vol. 6, No. 3. ppl97- 
209. 
Ratcliffe, M (1998) 'The purpose of science education', in Sherrington, R. '(Ed) ASE Guide 
to Primn Science Educatio Cheltenham, Stanley Thomes (Publishers) Ltd, pp3-12. 
Ratnadivel, N (1999) "Teacher education: interface between practices and policies, The 
Malaysian experience 1979-1997', Teaching and Teacher Education. Vol-15, Pp193-213. 
Ritchie, R (1997) 'Assessment and recording as a constructive process,, in Cross, A. and 
Peet, G. Teaching Science-in the PrimMy School. Book One, Plymouth, Northcote House 
Publishers Ltd, pp122-134. 
Robson, C (1993) Real World Research: A Resource for Social Scientist and 
-- 
figona 
Oxford, Blackwel 
_Researcher, s 
Ross, DD (1988) 'An introduction to curriculum criticism', in Sherman, R. R. and Webb, P, 
B. (Eds) Qualitative Research in Educafion: Focus and Methods, London, The Falmer Press, 
ppl62-174. 
Russell, T and Watt, D (1990) Primn SPACE Project Research Report Growth,, 
Liverpool, Liverpool University Press 
Russell, T, Bell, D, McGuian, 1, Qualter, A, Quinn, J, Schilling, M (1992) "Teachers' 
conceptual understanding in science: needs and possibilities in the pfimary phase', E-vallmdo 
and Research in EducatipA Vol. 6, No. 2 and 3. pp 129-143. 
Russell, T, Qualter, A, McGuigan, L and Hughes, A (1996) Evaluation of the 
in National ýculum Kqy Stgge 1.2 and 3. Volwne 1: 
c)vmge. School Curriculum and Assessment Authority. 
Saez, MJ and Carretero, A (1998) 'Innovations in the Spanish science curriculum: a view of 
systematic reform', Loumal of Curriculum Studie Vol. 30, No. 6-pp7l9-738. 
SwjL A (Ed) (1993) Malg3Mi: an's Vision 2020: Understanding the Concgpt, Implication and 
ghdlengg& Petaling Jaya, Pelanduk Publications. 
Schilling, M (1993) gClassroom strategies', in Sherrington, F, (Ed) ASE Primary Scienc 
Igachers Handbook. Cheltenham, Stanley Thornes (Publishers) Ltd, pp 13 9-15 1. 
Schmidt, WH and Buchman, M (1983) 'Six teachers' beliefs and attitudes and their 
curricular time allocation' The Primgy School Journal Vol. 82, No. 2. pp 162- 17 1. 
Schmidt W 1-L Porter, A C, Floden, R E, Freeman, D J, Schwille,, JR (1987) 'Four patterns 
of teacher content decision-making', Journal of Curriculum Studies. Vol. 19, No. 3. pp439. 
455. 
362 
Schmidt, PR (1999) 'KWLQ: inquiry and literacy learning in science', The Readin 
Teach Vol. 52, No. 7. pp789-792. 
Schwab, JJ (1962) 'The teaching of science as enquiry' in The Teaching of Science, 
Cambridge, Massachusetts, Harvard University Press, pp3-103. 
Scottý P, Dyson, T and Gater, S (1987) A Constructivist View of Learning and Teaching in 
Scien . Centre for Studies in Science and Mathematics Education, The University of Leeds. 
Seidman, IE (199 1) lnjgndm5ý= as Qualitative Rese Dondon, Teachers College Press. 
Selley, N (1999) The Art of Constructivist Teaching in the Primgy School: A Guide 
Students and Teach London, David Fulton Publishers Ltd. 
Shapiro, BL (1994) What Children Bring to Light: A Constructivist Per%&ctive on 
Children's LomLng in Science. London, Teachers College Press. 
Sharifah Maimunah Syed Zain (1990) Curriculurn innovation: Case studies of man and 
environment in the Malaysian Primary School Curriculum, unpublished D. Phil. thesis, 
University of East Anglia. 
Sharifah Maimunah SZ and Lewin, KM (199 1) 'Curriculum development In Malaysie, in 
Marsh, C. and Morris, P. (Eds) Curriculum Develgpment in East Asia, London, The Falmer 
Press, pp224-25 1. 
Shayer, M and Adey, P (1981), Towards a Science of Science Teaching: Cogni 
Development and Curriculum Deman Oxford, Heinemann Educational. 
Shohtoku, Y (1993) 'Achieving the industrial tzrgets of vision 2020: The science and 
technology perspective, in SaýL A (Ed) Malgysian Vision 2020: Understanding the 
Conc2pts, implication and Challenges, Malaysia, Pelanduk Publication, pp3 01-3 11. 
Shulman, LS (1986) 'Those who understand: knowledge growth in teaching', Educational 
Research Vol. 15, No. 2. pp4-14. 
Shulman, LS (1987) 'Knowledge and teaching: foundation of the new reform', Harvard 
Educational Review, Vol. 57, No. l. ppl-22. 
Siti Hawa Ahmad (1986) Implementing a New Curriculum for Primary Schools: A case 
study from Malaysia, unpublished Ph. D. thesis, University of London. 
Smith, D and Neale, DC (1989) 'The construction of subject matter knowledge in primary 
science teaching', Teaching and Teacher Education Vol. 5, No. l. ppl-20. 
Sommer, B and Sommer, R (1980) A Practical Guide to Behavioural Research: Tool and 
Technigge Oxford, University Press. 
Stake, RE (1994) 'Case Studies', in Denzin, N. K. and LincolnY. S. (Eds) Handbook of 
Qualitative-Research. London, Sage Publications, pp236-247. 
Stallings, JA and Mohlman, G0 (1988) 'Classroom observation techniques', in Keeves, J. P. 
Educational Research. MethodologL And Measurement: An-International Handbook- 
Oxford, Pergamon Press, PP469-474. 
363 
Stenhouse, L (1988) 'Case study methods, in Keeves, J. P. Educational ReLeUch an 
Methodology and Measurement: An International Handbook Cambridge, Pergamon Press, 
pp 45-53. 
Stofflettý R. T. (1994) 'Ile accommodation of science pedagogical knowledge: the 
application of conceptual change constructs to teacher education', Journal of Research in 
ScienceTeachin VoL31, No. 8. pp787-810. 
Sturman, A (1997) 'Case study methods', in Keeves, J. P. (2 jid Ed) Educational Research and 
Methodology and Measurement- An International Handbook. Cambridge, Pergamon Press, 
pp6l-66. 
Summers, M (1992) 'Improving primary school teachers' understanding of science concepts- 
theory into practice', International Journal of Science Education, Vol. 14, No. 1. pp25-40. 
Summers, M. (1994) 'Science in the primary school: the problem of teachers' curricular 
experfise', The Curriculum Journal Vol. 5, No. 2. pp180-194. 
Summers, M and Kruger C (1992) 'Research into English primary school teachers' 
understanding of the concept energy', Evaluation and Research in Education, Vol. 6, pp95- 
ill. 
Surnm ,M and Kruger C (1994)'A longitudinal study of constructivist approach to improving primary school teachers' subject matter knowledge in science', Icachn and 
TeacherEducatio VoLlO, No. 5. pp499-519. 
Sutherland, J and Boyes, D (1993) 'Science for all pupils: science and special needs', in 
Sharington, IL (Ed) The ASE Primgy Science Teachers' HandbookCheltenham, Stanley 
Thornes (Publishers) Ltd, pp69-78. 
Sutton, C (1998) 'Science as conversation; come and see my air pump', in Wellington, J. 
(Ed) Practical work in school science- which wgy now? . London, Routledge, PP174-191. 
Tabulawa, R (1998) 'Teachers' perspectives on classroom practice in Botswana: implications 
for pedagogical change', Qualitativc Studies in Education-, Vol. 11, No. 2. pp249-268. 
Taylor, PK Reid W A, Holley, BJ and Eton Crail Q974) L)tnose. Power and Constraint 
the PrimMy School Curriculum. London, Macmillan Education Ltd. 
Van Driel, J H, Verloop, N and deVos, W (1998) 'Developing science teachers' pedagogical 
content knowledge', Journal of Research in Science IgNh LmZ Vol. 35, No. 6. pp673-695. 
Wallace, J and Louden, W (1992) 'Science teaching and teacher's knowledge prospect for, 
refimn of primary classrooms', Science Educati Vol. 76, No. 5. pp507-521. 
Warwick, P and Linfield, RS (2000) Science 3-13 'Me Past the h[e_sent and Possibl 
Futures London, Routledge Falmer ý 
Watson, K (1982) Education in the Third World, London, Croom, Helm Ltd. 
Watts, D (1998) 'Children's learning of science concepts', in Sherington, R. (Ed) ý&SE G hdde to Primya Science Education. Cheltenham, Stanley nornes, (Publishers) Ltd, pp5l-62. 
364 
Watts, M and Jofifi, Z (1998) 'Towards critical constructivist teaching', International Journal 
of Science Educatigg, Vol. 20, No. 1. ppl73-186. 
Watts, M (1991) The Science of Problem Solving: A Practical Guide for Science Teachers 
London, Cassell Education Limited. 
Watts, M (1998) 'Towards critical constructivist teaching', International Journal of Science 
Education. Vol. 20, No. 2. ppl73-185. 
Wellington, JJ (198 1) 'What's suppose to happen, sir?: some problems with discovery 
learning', School Science Revi September, pp 167-173. 
Wellington, J (1998) 'Practical work in science: time for re-appraisal', in Wellington, J. (Ed) 
Practical work in school science, which wgy now?. London, Routledge, pp3-15. 
Williams, JC and William. -,, JB (1994) 'Change at the chalk face: a case study of the factors 
affecting the adoption of curriculum innovation', Journal of Curriculum Studies Vol. 26, 
No. 2. pp201-216. 
Willig, CJ (1990) Children's Concgpts and the Primaa Curricul London, Paul Chapman 
Publishing Ltd. 
Wilson, E (2000) 'Learning concepts', in Warwick P. and Linfield, R. S. Science 3-13: Th 
Past the Prescnt and Possible Future, London, Routledge Falmer, pp37-48. 
Wilson, N and Mclean, S (1994) Questionnaire Design: A Practical Introductio Ulster, 
University of Ulster. 
Wilson, SK Shulman, LS and Richerý AE (1987) '150 different ways of knowing: 
representation of knowledge in teaching', in Calderhead, J. (Ed) Ealoring Teacher 
Thinking- London, Cassel Educational Ltd, ppIO5-124. 
Wolý RM (1988) 'Questionnaire', in Keeves J. P. Educational Research and Methodolo 
and Measurement: An International HandboA Cambridge, Pergamon Press, pp478-482. 
Wrag, E, Bennett, S and Carre, C (1989) 'Primary teachers and the National Curriculum', 
ResearchPglMinEducatio VoL4, ppl7-37. 
Yager, RE and Penick JE (1983) 'Analysis of the current problems with school science in 
the United States of America', Eurol2ean Journal of Science Educati Vol. 5, NoA pp463- 
469. 
Yager, RE (199 1) 'The constructivist learning model: towards real reform in science 
education', The Science Teach Vol. 58, No. 6. pp52-57. 
Yoong Suan (1995) Falling Rolls in Science: What the Students Have to S Paper 
presented at the Annual Conference of the Educational Research Association, Singapore. 
zainni Ghanj (1989) Curricular decision maldn in the diffiision of an educational innovation 
in Malaysia, unpublished Ph. D. thesis, University of Southampton. 
365 
